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This issue of Utah Science is largely adapted from a seminar series entitled "Pest· 
icides in Perspective" conducted during the winter academic quarter at Utar 
State University, January-March, 1971. The seminars were sponsored by the De· 
partments of Veterina'ry Science and Zoology and the Inter-departmental Cur· 
riculum in Toxicology. At the conclusion of the series, Dr. K. W. Hill moderatec 
a panel discussion of the topic with l. A. Jensen, D. M. Berry, G. E. Bohart, ane 
I. Palmblad. The principal theme expressed by these panelists has been sum-
marized into shod essays while the general content or text of the seminar pre· 
sentations appear in the other articles. The only articles in this issue which dic 
not originate with the seminar series are the news and information items, thE 
editorial and the stories by Mr. Hickman and Dr. Low. 
It is the hope of the seminar participants that this issue, summarizing thE 
seminar series, will help to clarify some aspect of the pesticide dilemma for OUI 
readers. Unquestionably, not all aspects have been explored in depth but sud 
is the consequence of compressing such a large topic into this format. 
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EDITORIAL-SOME CONSIDERATIONS - - -
OUR JEKYL AND HYDE 
CHEMICAL WORLD 
Pesticides have been the subject of 
research at USU for approximately 
20 years. Most of the earliest work 
centered Dn the gross effects of these 
chemicals on domestic plants and ani 
mals. As the program broadened, re-
searchers began to. investigate the 
metabolism Df pesticide,s, when ad-
ministered to experimental animals 
both singly and in combination with 
other pollutants and drugs. Now the 
effects of pesticides on game birds 
and other wildlife are being given 
special attention. 
Incidents in Sweden and ] apan , as 
well as in Canada, Montana, and 
Idaho have emphasized our lack of 
consideration of the indirect effect of 
pesticides. Mercury, in particular, 
seems to have been overlooked. In 
various forms, mercury is used as a 
fungicide to prevent mold in lawns 
and other vegetation, to suppress 
mildew arDund commercial laundries, 
in paper manufacturing, and by the 
plastics industry. The Swedish and 
Japanese experiences with mercury 
poisoning invDlved primarily fish. 
Canada, too, has been concerned 
about mercury-contaminated fish, but 
in 1969 also recognized a dangerous 
situation in pheasants and Hungarian 
partridges. 
After Alberta closed its hunting 
season because of high mercury levels 
in game birds, Montana officials 
promptly collected and analyzed spec-
imens of their state's Huns and pheas-
ants for mercury. They found lower 
residue levels than had been reported 
in the Canadian birds , but the Mon-
tana birds did carry enough mercury 
to warrant alerting hunters not to be 
overly enthusiastic about consuming 
game birds. More recently, Idaho 
warned its citizens about eating eggs 
from chickens that might have been 
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fed mercury-treated grains, or grain 
grown from mercury-treated seed. 
Two years of research has demon-
strated that a fungicidal seed dressing 
containing an ethyl mercury com-
pound could reduce the egg produc-
tion of pheasants more than 75 per-
cent. The test birds were maintained 
on a diet containing only 10 parts per 
million (ppm) of the active ingre-
dient. The federal government de-
creed that mercury was not to be 
us ~d in the United States as a fun-
gicide to treat grains after 1970. 
STORAGE ISN'T WHOLE STORY 
The reasons for intensified atten-
tion to game birds and animals in-
clude their lack of surveillance by 
agencies that enforce tolerance limits 
on other foodstuffs . For example, 
when a researcher in Canada checked 
Lake Erie and Lake St. Clair fish , he 
found mercury levels ranging from 
I .3 to 6 ppm. This is far in excess of 
Canadian and U.S. standards of 0.5 
ppm. The Montana pheasants and 
Huns were storing about 2.5 to 5 
times more pesticide residues than 
are considered safe for human con-
sumption. A Maryland scientist has 
reported DDT residues in deer in 
excess of the legal tolerances estab-
lished for domestic animals. 
In addition to the potential dangers 
for human beings, indiscriminate use 
of pesticides threatens the survival of 
certain bird and mammal species. Per-
sonnel of Utah's Bear River Bird 
Refuge, for example, have voiced con-
cern about reproductive failures in 
some bird species. Such failures can 
Figure 1. Simplified representation of aquatic food chain. The slow release 
of persistent pesticide residues from the watershed and lake bottom facili-
tates their entrance into the food chain. 
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quite often be traced to some of the 
ubiquitous, cumulative pesticides in 
the environment and their effects on 
calcium metabolism. 
White-faced ibis nest each year 
near Bear River Refuge following 
their annual migration from West 
Central Mexico. In 1968, the'fe were 
5,200 of these birds in the Refuge at 
nesting time. In 1969, the nesting 
population had fallen to 1,775 and by 
1970, only 900 birds returned to nest. 
The ibis egg shells averaged .33 mm 
in thickness prior to the widespre.ad 
use of DDT that began about 1946. 
Today the shells are only about .22 
mm thick. In susceptible birds, DDT 
apparently prevents the deposit of 
calcium in the eggs, leading to disas-
trously low reproduction and survival 
rates. Dieldrin also causes a decrease 
in egg shell thickness in mallard 
ducks. Recent research indicates that 
populations of Peregrine falcons, 
ospreys, bald eagles, brown pelicans, 
and several other birds are being re-
duced steadily to the point of possible 
extinction because of such pesticide 
effects. 
TOXICITY TO YOUNG PHEASANTS 
The Nevada Department of Fish 
and Game in 1969 completed a study 
that tried to define why pheasant pop-
ulations in Smith and Mason Valleys 
had declined sharply since 1966. 
Mowing mortalities of hens in hay 
fields averaged 53 to 64 percent an-
nually, but few deaths were due to 
climatic extremes. It was demon-
started, however, that the common 
practice of spraying for the alfalfa 
weevil with ethyl and methyl para-
thion (at the normal application rate) 
The 
Mercury 
Food Chain 
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Figure 2. Areas in the U.S. of relatively high DDT and its metabolic residue 
levels (summary of 1967, 1968, and 1969 data). 
is highly lethJl to very young chicks. 
The killing of 29 percent of 5- to 10-
day old chicks in the Nevada valleys 
could be attributed to spraying in 
early June each year since 1966. 
Spraying for the alfalfa weevil with 
parathion occurs in Cache Valley and 
Wasatch Front areas 1 to 3 weeks 
before the first crop is. harvested. This 
is often close to June 1 or June 10, 
approximately when most pheasant 
young hatch. An article in the Logan 
Herald Journal datelined June 10, 
1970, recommended that, because of 
heavy damage of alfalfa hay by 
weevils, the hay or stubble be sprayed 
with one of the following: parathion, 
malathion, methyl parathion, Sevin 
(cabaryl), Affa-tox , Diazinon or 
Guthion. Young pheasants are killed 
.'-! • 
. . . 
"'~;~ 
~"",' -".'.~." 
---
mainly by breathing or dermal absorp-
tion of parathion as the spray settles 
onto the alfalfa fields, while adults 
apparently are not adversely affected 
at this time. 
Parathion is an extremely toxic 
pesticide and exposure to it has 
caused many case·s of human illness, 
with several deaths having been de-
scribed. Accidents with this chemical 
in California have occurred in spite 
of close regulation and strongly-
worded precautionary instructions. A 
mixture of malathion and methyoxy-
chlor pesticides with relatively low 
toxicity for man, domestic animals, 
and wildlife could be substituted for 
parathion in weevil control programs. 
The health benefits for the farmer and 
his livestock as well as the resident 
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Figure 3. Areas in the U.S. relatively high dieldrin residue levels (summary 
of 1967, 1968, and 1969 data). 
wildlife should more than offset any 
additional cost. 
Even in the bette.r pheasant habitats 
throughout the United States, pheas-
ant populations have been steadily de-
creasing since DDT and other per-
sistent and even more toxic pesticides 
began to be used widely and he.avily. 
Recent research studies, however, 
have pointed out another possible cul-
prit. In one· test of pelle ted nitrogen 
fertilizers, which became popular 
about the same time as DDT, 280 
pellets killed pheasants weighing up 
to 33 ounces. Smaller amounts could 
induce serious physiological damage 
and thus affect the bird's reproductive 
potential. Unfortunately, the birds do 
not discriminate against the fertilizer 
pellets when they are feeding . 
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Nor do the chemicals applied to 
plants or soils discriminate about 
where they go from the point of ap-
plication. For example, the same 
nitrogen fertilizers that so beautifully 
boost production of some crops, yet 
can kill pheasants, have also been 
implicated in some well-contamination 
problems. Wells in Northern Illinois, 
Wisconsin and California have. defi-
nitely been identified as having nitrite 
levels sufficient to cause kidney dam-
age and a blood abnormality in chil-
dren. 
In considering unexpected sources 
of pollutants, it is also. of interest to 
know that arsenic is not only used in 
some baits. This potent poison occurs 
to some degree in products of all 
major soap and detergent manufac-
turers. Thus arsenic can enter the 
ecological cycle from a variety of 
sources. 
RESULTANT REGULATIONS 
Since 1964, the three departments 
of the U.S. government involved in 
pesticide regulation have attempted to 
enforce more stringent controls. This 
year, the three departments formally 
joined in a new agreement to institute 
stronger pesticide laws. The Depart-
ment of Health Education and Wel-
fare will continue to evaluate pesti-
cide products for their possible effect 
on human health. The effects of pesti-
cides on water quality, fish, and wild-
life, and the general environment are 
to be evaluated by the Department Df 
the Interior. The Department of Agri-
culture is responsible for pesticide 
registration (which are essential if the 
product is to be marketed). 
The U.S. Department of Interior 
(USDI), which administers approxi-
mately 70 percent of all federally 
owned lands, has banned the use of 
certain pesticides on its lands or in 
programs run by its various bureaus 
and agencies. The 16 banned pesti-
cides include DDT, aldrin, 2,4,5-T, 
dieldrin, endrin, heptachlor, lindane 
and toxaphene. 
The use of other pesticides is to be 
severly restricted by USDI person-
nel. The restricted chemicals are to be 
used only when non-chemical tech-
niques have been considered and 
found inadequate, and when use can 
be limited to small-scale applications. 
Their use must be aimed at a specific 
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Figure 4. Graphs showing acute and dernal toxicity values for phosphate 
ester pesticides (top) and chlorinated hydrocarbon pesticides (bottom). 
(Printed on pages 312 and 313 of USDEW reports of Secretary's Commission 
of Pesticides and their Relationship to Environmental Health on Dec. 1969.) 
pest problem, and must involve mini-
mum rate and frequency of applica-
tion. No pesticide is to be used by the 
USDI personnel when water quality 
may be degraded and/or when fish 
and wildlife, their food chains , or 
other components of the natural en-
vironment may be threatened. The re-
stricted list includes the following 
pesticides: chlDrdane, demeton , para-
thion, picloram, and TEPP. 
Various grDups of citizens around 
the country are also trying to generate 
modifications of past attitudes to-
wards the use of pesticides and toward 
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the environment in general. For exam-
ple, the Environmental Defense Fund 
(EDF) is a nationwide coalition of 
scientists, lawyers, and citizens. They 
turn primarily to legal acton in the 
courts to try to protect environmental 
quality. The Colorado Committee for 
Enviro:1mental Information confines 
itself to Colorado and operates on 
the basis of donated time from con-
cerned individuals. The group effec-
tively gets information to, and the 
attention of, the state's politicians and 
other citizens regarding environmental 
prDblems. 
CHOICES STILL TO SE MADE 
As more surveys and research are 
begun into pesticide residues and ef-
fects in birds and animals-more at-
tention must also be given to the com-
plexities of what is being investigated. 
Species differences, individual differ-
ences, differences in the combinatiDns 
of chemicals to which individuals are 
exposed, differences. in persistence 
and in cumulative potentials-all of 
these and still more variables have to 
be considered. And always, both sides 
of the scale have to be fairly and ob-
jectively assessed. 
Is it better to spray a forest to pro-
tect it from the ravages of a voracious 
insect and accept the possible side 
effects of dead and/ or nonre-produc-
ing wildlife? Or is it better to "let na-
ture take its course" and perhaps see 
most of the forest disappear-which 
would also have drastic results for the 
resident wildlife? 
Other equally difficult questions 
await answers--what if the use Df 
DDT, but not other pesticides is 
banned? Are we going to end up 
better Dr worse off? What will 
happen to populations of disease-
carrying insects if insecticides are un-
availabIe.? Does it really do any good 
to pass prohibitive laws in the U.S. 
and other countries while much Df the 
world increases its use Df the che·m-
icals in question? And of course there 
are the economics of food production 
to keep in perspective. 
NO' one can provide quick, easy, 
fool-proof answers to such questions. 
Only continued patient research can 
give us the necessary insights. But the 
existing situation can serve as an im-
mediate warning against thoughtless 
or short-sighted tampering with na-
ture. Man's power to' "manage" the 
world he inhabits has to' be coupled 
with a vigorous sense Df responsibility. 
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Pesticides and ecology 
Ecology has become a much mis-
used term. Because Qif this, a defin-
ition in some detail must be consid-
ered bef0're an adequate discussion on 
the relationship of pesticides to eco-
systems can be undertaken . Ecology, 
as mDst ecOIDgists accept the term, is 
defined as the study 0'f the relation-
ship between organisms and their en-
virDnment. Since organisms are 0'r-
ganized in a functi0'nal hierarchal re~ 
lationship to each other in the envir-
onment, ecology can also be defined as 
the study Qif the structural and func-
tion of nature. 
ENERGY SYSTEM 
Take, for example, the system of 
energy from the sun, plants, animals 
which feed upon the plants, animals 
which feed upon Qither animals, and 
decomposers which feed upon all 
plants and animals , to illustrate this 
relati0'nship . Add to that system such 
factors as temperature, air quality, 
soil quality and other physical and 
chemical factors all Qif which influ-
ence, to some extent, the production 
at any of the above given heirarchal 
PLANT BIOMASS 
JOHN M. NEUHOLD 
positions and we have very crtIdely 
presented an ecosys.tem which illus-
trates b0'th structure and function. 
Such a system is illustrated in figure. 1. 
Energy in the form of sunlight is 
utilized by plants for their growth 
which can be considered as energy 
storage in the plant biomass. These 
plants in turn are fed upon by ani-
mals, thus affecting a transfeT 0'f 
stored energy from the plants to the. 
animals. The animals in turn are fed 
upon by other animals, the carnivores, 
affecting a further transfer of energy 
up the food chain. In all three levels, 
natural death 0'ccurs which in turn 
then activates the decomp0'ser level 
which functions to reduce the de1ad 
biomass to' a more elemental form for 
circulation thrQiugh the nutrient pool 
making it once again available f0'r in-
corporati0'n into the plant and animal 
biomass. Thus, we· can see that as 
long as energy from the sun is avail-
Figure 1. Simplified energy flow scheme. Energy is transferred from left 
to r ight. Heat is lost in the transfer process. 
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able this system will continue to func-
tion as a machine will functi0'n when 
energy is supplied to it. As with a 
functioning machine, when energy is 
converted from one level to' another, 
heat (energy) is lQist. Therefore, 
energy must constantly be put into the 
system to' maintain its operation. 
Bear in mind that what is. presented 
here is a very simple system; such s.im-
plicity is n0't likely to occur in nature . 
For example, each of the hierarchal 
levels of energy storage such as the 
plants, the herbivores, 0'r the carni-
V0'res, is made up of not one species 
of organisms but many in any given 
ecosystem. Each s.pecies is represented 
by a population Df the species in either 
the same 0'r other levels 0'f energy stor-
age. To illustrate this phen0'menon 
take the example of the columbine, 
which requires the shade 0'f a forest 
canopy before it can grow. One plant 
is dependent upon the growth 0'f an-
other plant before it can successfully 
grow and reproduce. In nature, many 
hundreds of thousands Df example·s 
like this exist. 
SOME COMPLEXITIES 
Similar situations exist between 
levels 0'f energy st0'rage. The jackrab-
bit is dependent upon the production 
of plant materials for its existence. At 
the same time the coyote is dependent 
upon jackrabbit production. In a more 
complex manner the jackrabbit pQipU-
lation, is to an extent, dependent up0'n 
the cOy0'te popUlation for its popula-
tion health . If coyotes were entirely 
eliminated, jackrabbits could possibly 
outgr0'w the range in which they are 
foraging and thus suffer a crash in 
their population. These examples 
serve to illustrate the complexity of 
ecosystems. 
• 
JOHN M. NEUHOLD is the Director of the Ecol. 
ogy Center. 
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Complexities notwithstanding, it is 
clear that the organisms of a given 
ecosystem are inextricably dependent 
upon each other and upon the en-
vironment in which that ecosystem 
has developed. Any change in any 
portion of that system will affect the 
entire system. Therefore, if we take 
as our example the system illustrated 
in figure 1 and remove the decom-
poser level, the available nutrients 
would soon be used up and the sys-
tem would either reach a static level 
or crash. If we remove one of the 
other levels of production such as the 
primary producer level, the system 
would obviously crash . 
From this presentation , two impor-
tant observations concerning pesti-
cide effects on the ecosystem can be 
made. These include (1) the toxic 
effect of the pesticide on any portion 
of the system and (2) the fact that 
the system by virtue of its moving en-
ergy up the hierarchal ladder can con-
comitantly move p~sticides up that 
ladder. Let us examine the first of 
these factors. 
SPECTRUM RESPONSES 
Pesticides are toxins . Their pri-
mary function is to kill undesired 
organisms. Unfortunately, the effects 
of a pesticide are not selective but 
generally result in broad spectrum 
responses among wide classes of or-
ganisms at greater or lesser levels of 
concentration. Even if the pesticides 
used were selective to a single species 
or organism and that species were an 
important part of the ecosystem, the 
effect on the system would be pro-
nounced. However, to make the prob-
lem even more complicated, most con-
centrations of pesticides in the en-
vironment are sufficiently low so as 
not to kill all of a given species. Such 
sublethal levels may produce effects 
which may be physiologically debil-
itating to a species thereby affecting 
their growth, reproduction or move-
ment capabilities. Hence, the result is 
a long term effect rather than an im-
mediate effect. Examination of fig-
ure 2 reveals the general mechanism 
by which species respond to levels of 
a toxicant. Virtually all species, plant 
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and animal, will respond to a distribu-
tion of concentrations of a toxicant 
or to a given concentration over time 
in the same manner. The response 
measured can be mortality, growth, 
or other expressions of physiological 
activity . 
For the sake of this discussion let 
us address ourselves simply to the 
mortality response. Note that as the 
concentrations increase the response 
in mortality of a species increases to 
a maximum of total mortality of that 
p ::: pulation. Thus if the concentration 
were low, only a portion of the popu-
lation would die. Those surviving pre-
sumably would have some degree of 
resistance to the toxicant. This man-
ner of response to toxicants provides 
the basis for natural selection eventu-
ally producing a population that might 
be resistant to a given toxicant. This 
111 ' happened with the mosquito and 
DDT. 
PESTICIDE SPREAD 
Realistically, pesticides upon ap-
plication become part of the environ-
ment. Many pesticides, particularly 
the halogenated hydrocarbons are ex-
tremely longlived in the environment. 
They do not readily break down into 
nontoxic elements. If we look at the 
effect of a toxicant on a population 
in the environment we must consider 
the exposure of a population to a 
given level of a toxicant ove·r a time 
interval as well as exposure to a 
range of concentrations over a short 
period of time. For an example of the 
latter case, a large amount of DDT 
coming down a stream would subject 
plant and animal populations in that 
stream to exposures of a spectrum of 
concentrations. 
Depending upon the pesticide level 
and exposure time , a given pesticide 
will influence a given population or 
several populations in an ecosystem. 
The sum total of these influences will 
have an effect on the functioning of 
the entire system. If that effect is on 
significant elements in the syst.em, the 
entire system will crash or be sig-
nificantly altered. To predict the re-
sult on the system of any given pesti-
cide use is difficult to say t.he least, 
although not impossible. Currently 
ecologists are extending the capability 
of systems science to ecosytems and 
are striving to produce valid predic-
tive models. Once these models are 
implemented and functioning, the ef-
fect of pesticide on a given ecosystem 
can be predicted , and no doubt this 
procedure will be utilized to assure 
much wiser use of pesticides. 
The second important aspect of the 
ecosystem is the manner in which 
energy flows through it. The halo-
genated hydrocarbons are very per-
sistent in the environment. In addi-
ri J n, they tend to be lipophilic, that 
is attracted to and retained by fat 
within the body. If, for example, DDT 
is emitted into an environment it can 
be incorporated quite. easily into the 
biomass of plants such as the diatoms , 
which have high oil concentrations. 
The DDT, being lipophilic, is con-
centrated in the oils of the diatoms. 
Now the diatoms are fed upon by 
invertebrate organisms that also have 
fat as body constituents. Fish feed 
upon the invertebrates and the DDT 
is carried on to them. Although or-
ganisms ascending the evolutionary 
scale tend to detoxify DDT as it is 
ingested , a good portion of it per-
sists in the body fat. As the DDT is 
transferred up the food chain it is 
further concentrated. 
PESTICIDE CONCENTRATION 
Now, in this simple system just ex-
pressed-diatoms to invertebrates to 
fish-consider the energy cost of con-
verting diatoms to invertebrates and 
converting inve.rtebrates to fish. As 
indicated earlier, an energy tax is paid 
for this conversion. In other words, 
heat is lost by the burning of bio-
chemical material passed up the food 
chain. That means, in a very genera] 
sense , that for every 100 pounds of 
algae ingested by invertebrates only 
10 pounds of invertebrates are pro-
duced and for every 10 pounds of 
invertebrates ingested by the fish, only 
I pound of fish is produced. If the 
concentration of DDT remained level 
or was little affected by the detoxifi-
cation process, then obviously that 
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which was incorporated into 100 
pounds of algae is now concentrated 
into 1 pound of fish, often bringing 
the level of concentration in the fish 
up to levels unacceptable for human 
consumption. This is exactly what 
happened with the coho salmon pop-
ulations in Lake Michigan. There, 
the algae are consumed by inverte-
brates which are ingested by a small 
forage fish called the alewife which 
in turn are prey to the coho, mak-
ing a four-step food chain and an 
additional concentration factor. From 
this phenomenon it is quite possible 
to have relatively low levels of pestt-
cide in the environment, but as they 
are concentrated by the hierarchal 
chain in the ecosystem they soon 
achieve levels which can be lethal. If 
we refer again to the coho salmon in 
Lake Michigan, we find that the coho 
has had difficulty in reproducing. To 
a large extent this difficulty in repro-
duction is an expression of the 
phenomenon just explained. The DDT 
is concentrated in the body fat and 
passed on to the eggs of the female 
C> 
ll.Z 
0>-
Q 
..... 
Z 
UJ (.) 
a:: 
~ 
00/0 
TOXICANT 
and incorporated into the yolk of the 
egg. As the embryo develops, it con-
sumes the yolk which eventually re-
leases the DDT which in turn kills 
the embryo. 
Up to this point we have talked of 
the simple effects of a single pesticide 
011 a population or populations within 
an ecosystem. Realistically, as pesti-
cides are utilized by our society, we 
find that many different forms of pes-
ticides all with differing degrees of 
toxicity and endurance in the environ-
ment, are used. Organisms are very 
often subjected not to a single pesti-
cide but to a spectrum of pesticides. 
To complicate the above process we 
find that pesticides tend to interact in 
their effect within organisms. For ex-
ample, fish that have been subjected 
to dieldrin and subsequently subjected 
to DDT, show a reduced response to 
DDT. Other examples can be given 
where two or more pesticides acting 
together can produce a response 
greater than the same concentrations 
of any single pesticide. 
96 HOURS 
24 HO~S 
CONCENTRATION 
Figure 2. Response curves. As a population of organisms is exposed to 
concentrations of a toxicant over periods of time, a greater portion of the 
population dies. 
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In summary, pesticides in an eco-
system produce very complex effects 
on that system.; effects which are dif-
ficult to predict. However, with the 
continuing progress in the science of 
ecosystems analysis we should shortly 
bring the state of the art to the point 
where we will be able to predict what 
happens to an ecosystem when sub-
jected to pesticides and thereby be in 
a much better position to manage and 
control their use. 
THE UNIVERSITY'S 
ROLL IN 
POLLUTION 
CONTROL 
Man's manipulation and disruption 
of his shared envir0'nment has recent-
ly resulted in a progressive decrease 
in the 0'veraH "quality of life." A 
major factor in this accelerating de-
crease of environmental quality is the 
use of man-made che,micals in the en-
vironment. These chemicals enter the 
environment intentionally (through 
direct use, their wastes, and their by-
products) and unintentionally through 
accidents and residues. In addition, 
industrial poUuti0'n and pollution by 
the internal combustion engine have 
contributed to' the environmental load 
of pollutants. 
Our total environment may be di-
vided into three subenvironments and 
monitored separately. The internal en-
vironment is that of the tissues, fluids, 
organs, and skeletons of the body of 
man and of his useful plants and ani-
mals. The immediate environment is 
that which we eat, drink, breathe, and 
contact daily. The general environ-
ment consists of the soil, land, air, 
and water. A change in the general 
environment is likely to be followed 
(Continued on page 44) 
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A brief history of pesticide use 
There are many things that we 
know about the history of life upon 
this planet earth and the development 
of civilizations, but it often takes some 
unique event to give us a real insight 
intO' the full significance of what has 
happened. This new awareness fires 
our imagination and as we ponder 
what is going on, we gain new per-
spectives. Two recent events have sub-
stantially changed our way of think-
ing. Rachael Carson's book, "Silent 
Spring" created a sense of urgency 
and concern on the part of many 
people and caused even those who 
didn 't agree with her to take a new 
look at what we were doing with re-
gards to pesticide usage. 
Then, when the first pictures of our 
earth from outer space appeared on 
T.V. , we suddenly became much 
more aware of the fact that this tiny 
biosphere. is the only place in the uni-
verse where life exists as far as we 
knew. We then realized, more than 
we ever had in the past, that such 
problems as pollution, overpopulation, 
and starvation were very real and very 
near. Survival even seemed at stake. 
Maybe, as part of this new aware-
ness of man's place in the universe, 
we need to understand the long and 
painful struggle that has taken place 
since the beginning of time to deter-
mine whO' would inherit the earth. 
Man is the only one of millions of 
organisms which struggles for survival 
on this earth. His relationship with 
other living things ranges from mut-
ualism to' direct competition. It is with 
this latter that we· are most often cO'n-
cerned. Historically speaking, the in-
sect pests have been worthy com-
petitors. 
EARLY USES 
We can best appreciate this struggle 
between man and his insect competit-
ors by briefly checking back in his-
tory. Nearly 3,000 years ago, Homer, 
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the epic poet and author of the Iliad 
and the Odyssey, mentioned pest a-
verting sulfur with its propertie.s of 
divine and purifying fumigation. 
An Egyptian writer in the time of 
Rameses II (1400B.C.) showed com-
passiO'n for the peasant by writing, 
"Worms have destroyed half the 
wheat , and the hippopotami have 
eaten the rest ; there are swarms of 
rats in the fields , and the grasshoppers 
alight there. " 
There are many references in an-
cient literature and in the Bible, which 
refer to the swarms of insects which 
devoured everything in their way. 
Even before the time of Christ, the 
Romans applied hellbore in an effort 
to control rats, mice and insects. 
By 900 A.D. , the Chinese. were 
using arsenic to control garden in-
sects. Before 1300, Marco Polo wrote 
of mineral oil being employed against 
the mange of camels. 
Arsenic was used with honey as an 
ant bait by 1669, and by 1690 tobac-
co was employed as a contact insecti-
cide. 
In 1746, Collison in England, 
recommended to Bertran in America 
the use of an infusion of tobacco 
leaves as an insecticide for the con-
trol of the plum curculio. 
As early as 1763 , ground tobacco 
was used in France to kill aphids. 
By 1773 , nicotine fumigation was 
employed by heating tobacco and 
blowing smoke on infested plants, and 
in 1787 soap was mentioned as an 
insecticide and turpentine emulsion 
was recommended to repel and kill 
insects. 
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The use of tobacco against soft-
bodied insects was well established 
before the discovery, by Posselt and 
Reimann in 1828, that nicotine was 
the active alkaloidal principle of to-
bacco. 
Not until nearly 1900, however, 
did cO'mmercial nicotine extracts ap-
pear on the market. A concentrated 
extract containing 40 percent nicotine 
in the form of sulfate was patented in 
1908, and in 1917 dusts made with 
nicotine sulfate impregnated in lime 
or clay were developed. 
1800 TO 1900 
Dozens of chemical compounds 
were tried and used for insect control 
between 1800 and 1900. The list is 
long. The following are mentioned 
because some of them are still used 
today. 
Bordeaux mixture 
Carbon disulfide 
Creosote 
Cryolite 
Derris 
Fluorine compounds 
HydrO'cyanic gas 
Kerosene 
Lead arsenate 
Lime sulfur 
Naphthalene cones 
Nitrophenol compounds 
Oil of citronella 
Paris green 
Petroleum 
Phenols and cresols 
Pyrethrum 
Rotenone 
Sodium arsenite 
Turpentine 
" Pyrethrum", made from a daisy-
like African flower, is perhaps the old-
est of the organic insecticides; the date 
of its first use is unknown. It has been 
claimed that Marco Polo brought py-
rethrum to Europe from the far east 
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~L' a wondrous compound of secret 
origin. Pyrethrum pDwder was intro-
duced into the United States from 
Europe before 1860. By 1890, en-
tomolO'gists were recommending kero-
sene extracts of pyrethrum to be ap~ 
plied as soap emulsions for the con-
trol of plant infesting insects. By 1928, 
it was being processed and sold in 
large quantities. 
Next to' rotenone, pyrethrum is the 
most commonly used botanical in-
secticide in Utah. It is primarily used 
as an insecticide to control household 
pests. 
Since 1949, a synthetic pyrethroid, 
allethrin , has been made commercially 
on a large scale. 
"R otenone". Primitive peDple have 
long used poisonous plants containing 
toxic substances to kill fish. One of 
these substances from tuba root was 
recommended in 1848 for controlling 
insects attacking nutmeg trees in Sing-
apore. Later, the active principles in 
these fish poisons were named roten-
one, and by 1920 rotenone was rec-
ognized as an insecticide. 
I ts principle use has been to con-
trol specific insect pests of crops such 
as the Mexican bean beetle and pests 
of livestock such as cattle grubs. 
Rotenone is reported to be the most 
commonly used botanical insecticide 
in Utah. 
"Paris green" . Many compounds 
were developed as a means of com-
bating a sp cific insect pest. An in-
teres ting example of this concerns the 
Colorado potato beetle, Leptinotarsa 
decemlineata Say. This voracious in-
sect was a native of the Rocky Moun-
tains where it fed upon native solan-
aceous plants. As agriculture pushed 
wes tward and introduced the potato, 
the insect rapidly moved eastward 
where it caused considerable damage. 
It is not known who originated the 
idea of using Paris green against the 
potato beetle, but it was first used in 
the West in about 1865. Since satis-
factory sprayers were not available at 
that ti me, the poison was put on the 
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plants with brooms. Its usefulness in 
controlling the Colorado Potato beetle 
was soon recognized and it was then 
used to control other insect pests. 
1900 TO J935 
The first third of the twentieth cen-
tury saw the int roduction of several 
new insecticides, including the follow-
ing: 
carbon disulfide 
chloropicrin 
calcium arsenate 
ethylene dichlDride 
methyl bromide 
para dichlorobenzene 
pentachlorophenol 
Just prior to World War If, several 
dinitro and thiocyanate compounds 
were developed. 
The 1940s saw the introduction of 
the chlorinated hydrocarbons and or-
gano-phosphorous compounds. 
"Methoxychlor" was first made in 
1893 , but it wasn't really discovered 
as a valuable insecticide until 1940, 
by Dr. Paul Muller of the Geigy Com-
pany in Switzerland. 
Methoxychlor is said to be more 
effective than DDT against SDme in-
sems and has a distinctly lower tox-
icity to' vertebrates. It is said to give 
a more rapid knockdown of many in-
sects than does DDT. 
Currently, about 75 percent of the 
methoxychlor sold is used for fly con-
trol on cattle and in farm Ibuildings , 
with the remainder divided between 
crDps, control of elm bark beetles 
(Dutch elm disease), grain bin treat-
ment, home garden and househO'ld in-
secticides. The largest recent shift 
has been in crop use; from primarily 
fruits and vegetables in earlier years, 
to forage crops particularly aUalfa 
weevil control. 
" DDT" . The history of DDT is a 
story in and of itself. It was first de-
scribed in 1874 by the German chem-
ist Othmar Zeidler , but its insecticidal 
value was nDt discovered until 1939 
by Dr. Paul M uner Df the Geigy Com~ 
pany in Switzerland. It was used in 
the field, mostly by the. military in the 
early 1940s. 
It was patented in 1942 and illtro-
duced in the U.S. that same year. It 
soon became the best-known, most 
economical and most astonishingly 
effective of the synthetic insecticides. 
Most DDT usage is now limited to 
malaria control and related programs 
in develDping nations. 
" BHC" . Benzene hexachloride was 
first made by Michael Faraday in 
1825, but it wasn't until 1933 that 
Harry Bender , an American chemist, 
mentioned that the benzene hexa-
chlorides appeared to be good insecti-
cides. By 1943, it was discovered in-
dependently both in England and 
France that benzene hexachloride was 
highly insecticidal. It was soO'n used 
to replace derris in flea beetle control. 
Actually, this wen known chemical 
should be called HCH, hexachloro-
cyclohexane, but the other name still 
persists. 
Shortly after the discovery in 1943 
that BHC was an effective insecticide, 
it was found that the gamma isomer 
was the most active of the isomers 
and it was called lindane. 
"Toxaphene" was first tested 
against insects about 1945. It has 
proved especially useful in the control 
of grasshoppers, cotton insects and 
pests of livestock. It is reported to be 
most commonly used chlorinated hyd-
rocarbon insecticide in Utah. 
THE CYCLODIENES 
The cyc1odienes, such as aldrin , 
chlordane, dieldrin and heptachlor, 
are related to DDT in the sense that 
they are chlorinated hydrocarbons. 
They are all cyclic, but in spite of 
their generic name, only a few are 
dienes. 
Many of these compounds were de-
veloped in and after 1945 by Julius 
H yman in the United States. Follow-
ing is a brief discussion of some of 
these. 
"Chlordane" . This cyclodiene was 
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developed in Germany by Riems-
ohneider in 1945. It has since become 
one of 0'ur most useful insecticides. 
The agricultural usage of chl0'rdane 
is primarily as a s0'il insecticide, how-
ever, it has been particularly effective 
against grasshoppers, ants, and cock-
roaches. It is also useful in structural 
pest control. 
"Dieldrin" . This has been and re-
mains one of our most effective in-
secticides. It is especially valuable as 
a soil insecticide being used to control 
many different kinds of root infesting 
insects and termites. 
" T hiodan (endosulfan) " . This 
compound was introduced in 1956 in 
Germany. It is registered in the 
United States for use on over 75 dif-
ferent plants for the control of dozens 
of insect pests. 
"Aldrin" was c0'mmercially produc-
ed in 1950. It has been effective and 
extensively used soil insecticide. 
Roughly one-half of the U.S. corn 
acreage treated with soil insecticide in 
the past has been treated with aldrin. 
Particular insects of economic im-
portance that were controlled are ants, 
cutworms, wireworms, flea beetles, 
Japanese beetle grubs, se.ed corn 
beetles, seed corn maggots, European 
chafer grubs, white grubs, corn bill 
bugs, sugarcane beetles, webw0'rms, 
white fringe beetle grubs, crickets, and 
com rootW0'rm larvae. 
"Endrin". The major domestic use 
for endrin is as a cotton insecticide. 
Substitute insecticides are being eval-
uated in India. These studies indicate, 
however, that substitute insecticides 
for contr0'l of rice and cotton insects 
would increase the cost of treatment 
80 to 95 percent. 
THE ORGANOPHOSPHATES 
The discovery that the organo-
phosphates were insecticidal was 
made by the Germans during World 
War II. A number of these com-
pounds were known as nerve· gases. 
It is to Gerhard Schrader in Germany 
that we owe the discovery of their 
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suitability in agriculture , initially as a 
substitute for nicotine. 
The first of these products was bla-
dan, which was soon followed by 
tepp, parathion and methyl parathion. 
Parathion was discovered by Schra-
der and has become one of the most 
widely used of all the organophos-
phorous insecticides. It was made 
available in the U.S. in about 1946. 
It is effective against a wide range of 
insects and mites. 
Methyl parathion was introduced in 
1950 and malathion in 1952. 
There are at least 30 commonly 
used organophosphorous insecticides 
now widely used to control over 200 
different insect pests. Space prohibits 
a listing 0'f each, but if one disregards 
the negative aspects of the matter, we 
literally have an organophosphorous 
compound to control every insect pest. 
OTHER INSECTICIDES 
" The Carbamates". Although sub-
stances containing carbamic acid were 
known to be poisonous before 1864, 
it wasn 't until 1947 that the Geigy 
Company 0'f Switzerland began work 
which led to' the first insecticidal carb-
amates. These were the N -dimethyl 
carbamates. 
It was almost 10 years later, that 
the bes t known of th .... present carba-
mate insecticides, carbaryl (Sevin R) 
was described. Now there are several 
carbamate insecticides available, two 
of the more common ones being 
methomyl (Lannate R) and zectran. 
Carbalry is probably the most com-
monly used carbamate insecticide in 
Utah. 
"A erogels" . Man has often tried 
such inert compounds as ashes, road 
dust and soot to control inseots, how-
ever, in 1959 it was observed that 
dusts would contr0'l termites and that 
the silica ae.rogels were particularly 
effective in this regard. 
Since then silica aerogels in com-
bination with insecticides, such as the 
pyrethrins, have been used to control 
termites and cockroaches. 
POLLUTION 
CONTROL 
(Continued from page 41) 
by a change in our immediate environ-
ment and, in turn, may be followed by 
a change in our internal environment. 
Understanding the interrelationships 
among all three environments is ex-
tremely important to' determine the 
quality 0'f present life and to warn us 
of the future. 
Present levels of pollution of air, 
water, soil, and living organisms are 
for the most part below the levels that 
are known to cause immediate health 
hazards to man. However, there have 
been numerous recorded cases where 
pollution has caused deaths and 
spread diseases . Documented cases 0'f 
pollution-caused problems to plants, 
fish, birds , and mammals are exten-
sive. This is not to say that every-
thing is kn0'wn about pollution and 
pollutants. Deficiencies exist in. our 
knowledge of such items and are,as as: 
carriers of pollution, pollution chains, 
movement 0'f poHutants, interaction of 
seemingly non-toxic chemicals to form 
toxic chemicals, sources of industrial 
pollution, and long term, chr0'nic 
toxicity studies of many commonly 
used chemicals today. It would seem 
wise that a kn0'wledge 0'f movement, 
persistence, bi0'logical effect, amounts 
of material, distribution , and bi0'l0'gical 
and chemical manifestations should be 
required before new chemicals are 
permitted for use in 0'ur environment. 
To control polluti0'n, strict environ-
mental quality, standards have to be 
established and tenaciously enforced 
at the federal , state, local , an.d individ-
ual level. Standards have t0' be en-
forced strongly and without c0'mpro-
mise if progress is to be made against 
pollution. This implies stronger g0'V-
ernmental control , more libe.ral and 
effective legal c0'nstraints, and s,tiff 
penalties for violators. At the same 
time, our technology should be re-
oriented to discover the following ele-
ments of existing pollutants : their ef-
fects; techn0'logical control capabili-
ties ; controJ costs; and the uses of the 
(Continued on page 46) 
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PESTICIDES IN PUBLIC HEALTH 
PREPARED BY LYMAN J. OLSEN, M.D. 
One of the major hazards of prob-
lem solving is the possibility that in 
solving one prO'blem we create another 
as bad or worse than the one we try 
to correct. Physicians have found this 
to be sO' in many areas when they have 
suddenly found the cure to' be worse 
than the disease. 
This situation is becoming a fact of 
life as we try to' solve problems in 
air and water pollution and find, to 
our regret, that we have created O'ther 
difficulties in their place. 
The problems of providing suffi-
cient high quality food for a burgeon-
ing population and the need to con-
trol diseases that ravage entire con-
tinents has led to such a new monster 
-the "Pesticide Problem" in today's 
world. 
Pesticides have been with us for 
many years and in many different 
forms. There is nO' question that they 
have contributed greatly to our way 
of life. Diseases of historic importance 
have been brO'ught under cO'ntroL 
Malaria, typhus, cholera and others 
have fallen before the onslaught of 
pesticides. Increased health and eco-
nomic gains have resulted from their 
use thrO'ughout the world. Better food 
and products have become available 
in the wake of their use. That use, 
however, is a swO'rd that cuts two 
ways. 
Pesticides were first used for public 
health in 1892 when L. O. Howard 
discovered that kerosene was effec-
tive in killing mO'squito larvae. Short-
ly after this, Cresylic acid, Paris green 
and Pyrethrum were found to be use-
ful and Paris green is still found useful 
in some circumstances. 
Pesticide production, which reached 
several million pounds per year in 
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1900, has continued to grO'w, especial-
ly after World War II. The most re-
cent reports show production of over 
60,000 fO'rmulas, using up to 600 
chemicals in pesticide production with 
hundreds of new formulations being 
proposed each year. In addition to 
pesticides, the production of herbi-
cides has also skyrocketed, to add to 
the burden of our environment. 
PESTICIDES AND ENVIRONMENT 
Pesticides then become part of our 
total environment. Our air, water, 
food, and the soil become cO'ntami-
nated with these materials and be-
come either a direct or indirect threat 
to O'ur lives. The most serious problem 
is perhaps the biO'IO'gical magnification 
that takes. place in the food chain as 
the pesticide advances from soil and 
water to the food we eat. These sub-
stances, then, reach us through air, 
water, skin and food and gain access 
through contact, oral, and respiratory 
routes to contribute to O'ur body bur-
den. 
What are the alternatives to the 
pesticides? There are several methods, 
but they are less easily used on a mass 
scale. Proper drainage of breeding 
grounds of mosquitos and elimination 
of refuse which contributes to breed-
ing rats and other vectors of disease. 
One biological cO'ntrol uses sterile 
males to ensure that fertilization does 
not take place, thus breaking the life 
cycle of the pest in questiO'n. Another 
method, Dne with some danger, is the 
use of natural enemies of the pests 
such as fungus or other organisms. 
The danger here is that a natural ene-
my to one pest may become a hazard 
itself if nat: carefully used. 
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MAJOR PROBLEMS 
A major problem in the use of any 
pesticide is the decontamination and 
disposal of the equipment and con-
tainers so that they in turn do not be-
come a public health hazard. Along 
with the disposal, safe stO'rage is also 
a problem. It has not been too long 
ago. that several deaths took place in 
South America because a pesticide 
was mistaken fO'r flour and used in 
baking bread. Numerous errO'rs O'f this 
'type have taken place because O'f im-
proper handling. At least one death 
has Dccurred because a child sucked 
the fluid off a nozzle that had just 
been used in a spraying operation. 
Pesticides should be stored sepa-
rately in an area that is cool, dry, and 
well ventilated. Acce.ss should be lim-
ited, and areas kept locked. Every 
container should always be appropri-
ately labeled. Pesticides should never 
be kept in pop bottles or food con-
tainers. Any large storage facility 
should be made known to' fire protec-
tion personnel. Toxic smoke, explo-
sions or cDntaminated water could re-
sult frO'm cO'mbating such a fire. Dif-
ferent pesticides should be kept from 
each other to pre.vent contamination 
or possibly explosions. Protective 
equipment and emergency procedures 
shDuld be available and known to all 
handlers O'f the material. 
In disposing of the con tainers, flam-
mable material should be burned in 
an isolated area. Containers should 
not be reused. Herbicide containers 
should not be burned since they may 
not only explode, but the volatile 
fumes can damage ne.arby plants. 
Containers may be buried, decon-
taminated with other chemicals or 
large ones recycled. In any event, they 
shO'uld be prevented frO'm contaminat-
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ing ground water or regular sewage 
systems. 
TREATMENT 
Treatment for poisoning by pesti-
cides will vary according to' the agent 
used. In every situation, however, 
emergency measures should be made 
known. to users and workers in stor-
age areas. Poisonings may be acute 
or chrO'nic, and symptoms will vary. 
All workers should be aware of sym-
toms of chronic as well as acute ef-
fects. These are too diverse to dicuss 
here. Briefly, however, some sugges-
tions might be given: 
1. If breathing is difficult or has 
stopped, clean O'ff any residue, 
and give mouth to mouth resus-
citation through material such 
as a clean handkerchief. 
2. Notify a physician immediately. 
3. Take label Oof container. 
4. If inhalant pOoisoning, mOove to 
fresh air-use appropriate res-
piratory equipment befOore en-
tering a clOosed area . 
5. Remove contaminated clothing 
and wash immediately. 
6. Induce vomiting if no cor-
rosive involved and patient is 
consciOous. 
The N atiOonal Clearing House for 
PoisOon ContrOoI Centers in 1966 re-
ported 4,438 ingestions Oof pesticides, 
or 7.1 percent of all reports. The true 
number of ingestiOons would be hard 
to determine, since many are not 
turned into poison control centers. 
The majOority of cases occurred during 
the spring and summer mOonths 
(66 %) as expected. More than 87 
percent of poisoning occurred in chil-
dren under 5 years of age. Seventy-
five percent of these ingestions were 
insecticides. and rodenticides. 
Chronic exposure to pesticides may 
have effects unrelated to acute poison-
ing. We know far too little about the 
possible synergistic effects of pesti-
cides with other chemicals or within 
the body. We know virtually nothing 
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about carcinogenic potential, muta-
genicity, and teratogenicity, or the 
effects on behavior or mental func-
tioning. 
Many have not been tested at all 
for these effects, and animal tests 
are not directly applicable. to the hu-
man. 
REGULATIONS 
State and federal regulations have 
been strengthened in recent years. 
The Utah Legislature in the 39th Ses-
sion in 1971 enacted a new Control 
Act for pe.sticides that tightens up the 
usage and purchase of these agents. 
An AdvisO'ry CO'mmittee also has been 
created to decide which if any pesti-
cides may be used or banned. The 
Federal Drug Administration has a 
program as follows: 
]. Establishment Oof tolerances Oor 
limits Oon the amount of pe.sti-
cides on food. 
2. Surveillance to find out whether 
residues are within tolerances. 
3. Information and educatiOon ac-
tivities. 
4. Control activities to remove 
over tolerance foods from the 
market. 
5. The tO'tal diet study to measure 
the actual intake in our diets. 
The Emil M. Mrak CommissiOon 
outlined 14 recommendations regard-
ing use of pesticides and concluded 
with three principles. 
1. Chemicals, including pe~ticides 
used to increase food produc-
tion, are of such importance in 
modern life that we must learn 
to live with them. 
2. We must make individual judg-
ments upon the value of each 
chemical, including alternatives 
presented by non-use. 
3. The final decision must be 
made by those government 
agencies with the statutory re-
sponsibilities for the public 
health regarding the usage of 
these chemicals. 
In any event, pesticides will con-
tinue to be used. We must use our 
best judgment to prevent both shOort 
and long range problems associated 
with their use, being sure that what 
follows is not worse than what went 
before. 
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resources that the pollutant may af-
fect. 
These gOoals cannot be accomplished 
without a sufficient number of trained 
technicians, technologists, enginee,rs, 
economists, administrators and sci-
entists, and without the requisite 
scientific, technical , and economic 
knowledge. 
Our universities obviously have the 
responsibility to train scientists, eco~ 
nomists, and engineers who are able 
to produce the knowledge and tech-
nology that will result in restoration 
and maintenance of a clean and 
healthy environment. Two programs 
have to he established: (1) depart-
ments specifically O'riented towards 
envirO'nmental toxicology and related 
problems; and (2) federal aid to fund 
the research of the university. The 
establishment of departments of en-
vironmental toxicology containing sci-
entists Oof many disciplines allows a 
department twO' distinct advantages. 
First, is the ability to attack a prob-
lem from several sides instead O'f just 
one. Second, as a task force oriented 
department, research funds may be 
more economically employed and the 
ability of the department to acquire 
the necessary funds fOor such programs 
may be enhanced. Several top univer-
sities such as the. University of Cali-
fornia, Pennsylvania State University, 
and Massachusetts Institute O'f Tech-
nOology have already demonstrated 
this approach. 
Federally oriented prO'grams and 
agencies are many times confounded 
with inefficiencies that inhibit their 
ability to effectively deal with a prob-
lem. The university and private agen-
cies are generally less inhibited by in-
(Continued on page 49) 
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CHLORINATE D HYDROCARBONS 
CAUSE THIN EGG SHELLS 
UT SO MAY OTHER POLLUTANTS 
There has been no 'Silent Spring' 
yet. But there are examples of who~e 
bird populations such as the peregnn 
falcon, osprey, or pelican which have 
crashed. For some birds, such as the 
Anacapa Island pelicans, a 'Silent 
Spring' is developing. 
As a researcher, I want all the facts 
and experimental evidence r .can 
garner before coming to a conclUSIOn. 
But as a member of the human com-
munity, I wonder if it will be too late 
for wildlife by the time we completely 
understand what DDT or other pol-
lutants can do and how they do it. It 
may be that we must decide before 
all the facts are in. 
In the Denver Wildlife Research 
Center's work with pesticide-wildlife 
relationships, it became obvious that 
while the problems are ecological in 
nature, the solution to all the prDblems 
could nDt be found solely through 
field research. 
Hence, the Research Cente.r has 
tried to develop a balanced program 
including field research and alsOi lab-
oratory studies. Field studies by wild-
life biologsts identify a problem, 
chemists determine pesticide residues 
present, and we in physiDlogy and 
pharmacolDgy research the meaning 
and effects of the contamination. The 
first infDrmation we seek is the acute 
toxicity Df the pesticide including 
dose-response curves, LD50s, symp-
toms of intoxicatiDn, and gross path-
ological changes. We use several rep-
resentative species with several routes 
of administration and carefully review 
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these studies of comparaJtive toxicity. 
Next, short term repeated exposures 
and chronic exposures are run. After 
the toxicity phases are completed, 
reproduction studies take place. In all 
of these, we try to relate "laboratory 
or pharmacDlogical susceptibility" to 
"field or ecological vulnerability." 
With this background, let's exam-
ine further the effects of pesticides on 
avian ecolDgy from the srtandpoint of 
research at the Denver Wildlife Re-
search Center. 
One possible effect of pesticides on 
birds is the production Df thin egg 
shells. Of 300 eggs laid last yea.r by 
Anacapa Island brown pelicans, near-
ly all were thin shelled, many were 
collapses, and just five yDung were 
successfully produced. DDE residues 
of 6 tD 1800 parts per milliDn (ppm) 
were found in these birds in the fat 
and lipid fraction Df their tissues. 
However, in Baja, California white 
pelicans contained up to 1800 ppm 
DDE in their lipids and did nDt lay 
thin shell eggs. LabDratDry attempts 
to achieve the 50 percent thinning 
observed on Anacapa have failed. 
This could be explained in several 
ways: 
( 1) in the field where shells are thin-
ner than normal by 20 percent or less, 
DDE itself could be the culprit; 
(2) when thinning exceeds 20 per-
cent, one might expect that other 
chemicals or a co-action of DDE with 
other chemicals exists; 
(3) or perhaps, in mDst cases where 
thinning exceeds 20 percent, exten-
sive egg elating by parents, or crack-
ing and destruction of the shells 
occurred with high frequency and so 
did away with the field evidence of 
thinning gre.ater than 20 percent; 
(4) or it may be a matter of species 
differences. 
The species in which egg shell thin-
ning has occurred are among those 
receiving the highest exposure to 
DDT. Direct correlations of DDE 
(a DDT metabolite) residues in bird 
tissues with the degree of egg sheU 
thinning have been repelatedly made 
on a colony to' colony basis but these 
correlations have not always held up 
on a bird to bird basis. Thus DDT or 
DDE may be an indicator of man's 
pollution of the nesting area and some 
other material or pollutant may be 
present alsO' hut distributed differently 
than DDT within the colony. 
Until recently, workers have been 
handicapped by an inability to dupli-
cate in the laboratory the degree of 
shell thinning in the wild. Docu-
mented cases of 50 percent thinning 
have occurred in wild birds, but most 
shells from both laboratory and field 
collections have 16 to 20 pe.rcent thin-
ning. Most laboratory studies have 
produced only 10 to 20 percent thin-
ning with moderate to high dietary 
levels of chlDrinated organic pesti-
cides. We have now produced up to 
28 percent shell thinning in mallard 
eggs by one large, oral dDse of DDT. 
Thus, it is more plausible that DDT 
Dr similar compounds could cause 
drastic egg shell thinning in the field 
or in combination with other pollu-
tants. 
In 1970, we fed mallards a 40-ppm 
DDE diet for 79 days on a 8-hours 
light and 16-hours dark cycle to avoid 
egg laying while a heavy DDE residue 
accumulated in their fat. Five to 7 
days after switching to 16 hours of 
light, the mallards laid eggs with shells 
47 
16 to 17 percent thinner than normal. 
For 42 days after the cessation of the 
DDE diet, the birds still laid shells 16 
to 17 percent thinner than the con-
trols. 
We next fasted a new group of 
mallards for 4 days and then fed them 
10 and 40' ppm DDE for 7 days. At 
the end of 7 days, the birds layed eggs 
with shells 6.1 to 16 percent thinner 
than normal, respectively. Only 8 and 
37 mg DDE had been ingested per 
hen in this short time. 
These experiments illustrated that 
only a short term exposure to very 
small amounts of DDE is required for 
gross shell thinning. Such thinning 
can also persist long after DDE ex-
posure is discontinued. 
A representative group of common 
pesticides was administered orally in 
single doses to laying coturnix quail. 
Several dissimilar chemicals could 
cause significant egg shell thinning 
(table 1). These included tetraethyl 
lead, parathion, a mercury-containing 
pesticide (Ceresan M), 2,4-D, and 
carbaryl. Table 1 shows the average 
percent of thinning over 7 days. Each 
of the compounds that caused signifi-
cant thinning produced 20 pe.rcent 
more thinning for 2 days after the dos-
ing. Such thinning is sufficient to pro-
duce cracked and broken shells, but 
it does not last as long as among wild 
avian populations. 
Just as we were about to conclude 
that chlorinated organics and partic-
ularly DDT were the culprit, we found 
evidence that many other diverse 
pesticidal compounds also can pro-
duce shell thinning. Interesting? You 
bet! Let me tell you that technical 
DDT, op-DDT, DDE, and dieldrin 
failed to produce egg shell thinning in 
experiments with the. quail. In addi-
tion, we've found that cotumix quail 
withheld from water for 36 hours will 
lay eggs averaging 29.6 percent thin-
ner when drinking is resumed. 
We repeated the. "coturnix quail ex-
periment" with mallard ducks ( table 
2). This time. dieldrin, DDT, DDE, 
and PCBs (polychlorinated biphen-
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Table 1. Percent of egg shell thinning in Coturnix quail 7 days after an 
oral dosage (milligrams per kilogram) of possible pollutants 
Treatment Dose Difference, 1'0 thickness 
No Treatment + 1.0 
Toxaphene 10 - 0.5 
Parathion 2.5 - 4.8 
Sevin 1000 
2, 4-0 (acid form) 250 
Ceresan M 50'00 
Arochor 1254 500 
Tetraethyl lead 6 
DDT, ortho para analogue 125 
DOE, para para analogue 500 
DDT, technical 500 
yls) produced egg shell thinning but 
the othe,r compounds tested did not. 
We achieved 16.9 percent shell thin-
ning in mallards by alternately feed-
ing and starving mallard ducks with a 
40 ppm DDE diet over 1 week. Com-
parisons with the controls lead us to 
believe that the full effects of the DDT 
family will not be seen fully among 
steadily feeding birds. Wild, flesh-
eating, birds eat only p ... riodically and 
some of these have shown dramatic 
egg shell thinning. When mobilized 
from storage in lipid reserve·s, DDT 
may produce the egg shell thinning ob-
served in the field. We have such 
controlled feeding-lipid-DDT balance 
studies underway. 
We also have. studies underway to 
determine the mechanism of the· shell 
thinning. Possible mechanisms in-
clude liver microsomal enzyme induc-
tion followed by destruction of vita-
min D or es.trogen, carbonic anhyd-
rase inhibition, diuresis, DDT acting 
as a thyroid hormone mimic, and pre-
mature egg laying. 
We have found that coturnix quail 
fed 100 ppm of DDT or DDE in the 
diet for 3 months had 16 to 19 per-
cent less carbonic anhydrase in the 
shell glands. Blood carbonic anhyd-
rase levels we're 22 and 44 percent 
lowe.r for DDT and DDE respectively. 
Carbonic anhydrase inhibition could 
limit the amount of carbonate ions 
available to form the calcium carbon-
ate that makes up about 95 percent 
of a shell. According to a recent re-
port, DDT and DDE may not be true 
8.7 
5.5 
8.6 
4.0 
-14.5 
+ 0.5 
0.0 
0.0 
inhibitors of carbonic anhydrase, how-
ever. 
In another experiment, ringdoves 
given 10 ppm DDT for 8 days showed 
a decrease of 33 percent in circulat-
ing estradiol early in the breeding 
cycle. There also was a 60 percent 
decrease in deposition of medullary 
calcium and there was a 10 to 12 per-
cent decrease in egg shell weight. 
Hepatic enzyme activity metabolizing 
estradiol increased 2 to 3 fold. 
Thus, the abnormally late breeding 
seen among certain wild flesh-eating 
birds may be caused by increased 
hepatic enzyme activity and decreased 
estrogen leve.}s early in the breeding 
cycle. Thin egg shells and consequent 
breakage and egg eating by the parent 
birds may be caused by the inhibition 
of carbonic anhydrase ( or another 
mechanism) and/ or the diminished 
medullary calcium deposits in the en-
dosteal bone areas. These factors 
can't explain, however, the increased 
embryonic mortality, poor survival 
after hatching, and the reduced clutch 
sizes that have been observed. 
As mentioned above, the egg shell 
thinning may be caused by a com-
bination of pesticides or industrial 
pollutants. Therefore, we are conduct-
ing studies on interactions of DDE 
with mercury, lead, and polychlorin-
ated biphenyls. 
None-the-less, we have several hy-
potheses that might explain part of 
the reproductive failures. These are 
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Table 2. Percent of egg shell thinning in Mallard ducks 6 days after an 
oral dosage (milligrams per kilogram) of possible pollutants 
Treatment 
No Treatment 
DDT, technical 
DDE, para para analogue 
Dieldrin 
Heptachlor 
Kepone 
Parathion 
Sevin 
2,4-D (acid form) 
Ceresan M 
Arochlor 1254 
Tetraethyl lead 
Sodium arsenite 
being tested further in Jight of other 
reports in the literature. 
The hypothesis that DDE interferes 
with utilization of medullary bone 
calcium may not explain the total 
thinning. We selected mallards laying 
shells 16 percent thinner than normal 
from a DDE-diet group and a group 
of control birds laying normal shells. 
We lowered the dietary calcium to 
0.8 percent. Those birds that con-
tinued to lay eggs would have to draw 
upon medullary calcium from their 
bones or lay much thinner sheUs. The 
control birds, not expo·sed to DDE, 
had more rapidly declining shell thick-
nesses than the DDE group. Had 
DDE severely impaired the utilization 
of medullary calcium, their shells 
should have suffered most from the 
dietary calcium deficiency. 
Now, I should like to suggest the 
existence of a large hole in pesticide-
wildlife research. The· percentage of 
pesticides upon which avian reproduc-
tion studies with American wildlife 
species have been run is certainly less 
than 5 percent and maybe less than 1 
percent. Of 1,500 pe,titions for label-
ing of new pesticides or pesticide uses 
reviewed by the United States Depart-
ment of the Interior Pesticide Review 
staff in a recent 6 month period, only 
two were accompanied by native 
American bird reproduction studies. 
In addition, the results of our re-
search probably have no impact what-
soever on the public. That small por-
tion of the research findings that do 
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Dose 
1000 
1000 
160 
1000 
25 
1 
1000: 
1500 
500 
1000 
6 
100 
Difference, '10 thickness 
- 2.3· 
- 3.8 
-16.0 
- 3.8 
-10.1 
+ 0.8 
-26.3 
0.0 
- 0.8 
-21.1 
- 4.6 
- 1.1 
-13.5 
reach the public through the news 
media is so ridiculously distorted in 
favor of excitement rather than hon-
esty that it ceases to be research re-
sults at all. I'm not aware of a single 
newspaper article in which a scientist 
was thoroughly or correctly quoted. 
The real and rightful impact of our 
research results should be directed to 
those employed decision makers who 
must have the information to make 
a decision. Of over 6,000 pes-ticides 
in use, basic alteratJions, with one or 
two exceptions, have not been made 
by public pressure. Even with DDT, 
production for domestic use began 
dropping in 1963 before any public 
alarm over the egg shell thickness 
occurred. Projections of the 1963-
1966 production figures [line] sug-
gest that DDT may not be used do-
mestically after 1974. For those of 
you, however, who think DDT is ban-
ned today, note that 35 uses are still 
exempted from any ban. The re,al rea-
son that DDT will not be used in 
quantity past 1974 is that insect re-
sistance makes it less and less profit-
able. In other words, the public has 
been kicking a dead horse. 
We don't always take a negative 
attitude toward pesticides. If certain 
pesticides such as DDT are to be 
eliminated, then safe, suitable sub-
stitutes must be found. We, in con-
junction with the U.S. Forest Service, 
believe we've come up with a safe 
DDT substitute for spruce, budwonn 
control in forests. Zectran, while 
toxic to birds and mammals, needs 
only to be applied at 0.13 pound per 
acre for effective budworm control. It 
breaks down in 24 to 48 hoors in the 
presence of water and sunlight, has no 
cumulative toxicity for our test 
specie,s, and showed no effect in re-
production studies with waterfowl, up-
land game birds, and deer. Sixteen 
common organ function tests on blood 
and urine showed no alterations from 
normal. Finally, in trial applioations 
on 5,000 acre plots in Montana, our 
field biologists came to the same con-
clusion-no effects on wildlife. Zec-
tran is a methyl carbamate insecti-
cide. 
Zectran, other carbamates, and the 
phosphates may replace some chlor-
inated organic pesticides but that 
won't eliminate all of our problems. 
It may even create new ones! Organ-
ophosphorus and carbamate insecti-
cidal residues in tissues of wildlife 
are harder to measure and monitor. 
Not aJi organophosphorus insecticides 
break down rapidly. Azodrin, for 
example, has been forund to persist in 
stream water with less than 1 percent 
breakdown in 8 weeks. Organophos-
phorus and carbamate insecticides are 
often very toxic to beneficial insects. 
The obvious role our physiological 
and pharmacological studies group 
will have is to understand the effects 
of newer pesticides on non-targe,t 
species of wildlife. But to understand 
these side effects we need to know 
how the pestioide will act. In pesti-
cide applications we are often shoot-
ing big guns without knowing where 
the bullet will go or whether a single 
shot will come out of the muzzle or a 
maze of shots will cover more than 
just the intended target. These kinds 
of problems will be keeping us busy 
for some time. 
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efficiency and should be able, to func-
tion more effectively concerning en-
vironmental problems. At the same 
time however, the federal government 
should not ignore the problem but 
should extensively fund environmental 
research and carry ou t and enforce 
the necessary requirements and pro-
grams to maintain a quality environ-
ment. 
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Some benefits of pesticides 
to public health 
The benefits of pesticides t0' public 
health are great and nO' pretense is 
made in this article to cover the sub-
ject completely. Hopefully, some per-
spective can be obtained by consider-
ing some of the more important hu-
man diseases that are being controlled 
by the application of various pesti-
cides. For the purpose of this paper, 
pesticides are defined as those chem-
ical compounds available commercial-
ly and wideJy used to control popu-
lations of various arthropods which 
are the vectors Dr carriers of human 
disease. 
While the comments here will be 
limited primarily to chemical control 
methods and materials, the reader 
should recDgnize that all of the ade-
quate control programs use a variety 
of methods which, lumped together, 
are called integrated control. In ad-
dition, serious and highly sophisti-
cated res'earch programs. are, under-
way throughout the world to find al-
ternative methods of control. One of 
these is di'scussed briefly later. 
THE RISKS 
When prescribing a medicine, a 
doctor weighs the benefits against the 
risks. In some instances, penicillin 
for example, the benefits are very 
great and the risks of side effects are 
slight but some people do have al-
lergic reactions that are serious. The 
use of cortisone presents more diffi-
cult problems for the doctor since the 
effects of cortisone on the human 
body are ve,ry detrimental if used for 
an extended period of time,. Some-
times human body disease requires 
that this risk be taken. 
The same principal of weighing 
benefits against risk 'applies when ap-
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plying pesticides. To consider only 
the benefits or only the risks is a dis-
service to all of us. Unfortunately, 
few are qualified to make the proper 
kinds of evaluations. 
In developed, industrialized coun-
tries in temperate regions, arthropod-
borne diseases are relatively rare to-
day, although some of them have been 
common and serious in the past. In 
today's world these diseases present 
their greatest threat to the peoples of 
the tropics and semi-tropics who live 
in cultures where, for better or for 
worse, modern technology has not de-
veloped greatly. 
ARTHROPOD BORNE DISEASES 
Following is a partial list of the dis-
eases affecting man which are trans-
mitted by arthrDpod vectors that can 
be controlled by pesticides : Chagas' 
disease, epidemic and murine typhus, 
plague, onchocersiasis , leishmaniasis, 
tularemia, sleeping sickness, malaria, 
filariasis, various encephalitides, den-
gue fever ,yellow fever, Colorado tick 
fever, Rocky Mountain spotted fever, 
relapsing fever and others. 
Of these diseases, malaria has his-
torically been the most important dis-
ease of mankind both in numbers of 
cases and in numbers of deaths. Its 
debilitating effects on the vigor of 
civilizations both in the past and at 
present cannot be overemphasized. 
Malaria today still divide,s the rich 
world frDm the poor. Malaria was, 
until World War II, an important 
disease in the United States, particu-
larly in the southeastern part of the 
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country. In 1934 and 1935, it was 
estimated that malaria cost the United 
States $500,000,000 annually. 
Today, gauging the impact of ma-
laria on the economy of 1934 and 
1935 is difficult. A cDmparable loss 
today in terms of the gross national 
product of 1934 and 1970 would be 
about 14 billion dollars. This kind of 
comparison leaves a lot to be desired 
but it does indicate the seriousness of 
the disease. Since malaria is many 
many times more serious in other 
countries than it ever was in the 
United States, it is nO' wonder these 
countries are poor and having diffi-
cult problems in trying to deve10'p a 
decent standard of living. 
DDT IMPORTANCE 
Malaria was, for all practical pur-
poses, eradicated in the United States 
during the Second World War. The 
tool that led to its eradication in the 
United States was DDT, used as a 
residual spray in dwellings to inter-
rupt the chain of transmission. This 
technique became the method of 
choice for the world wide campaign 
to eradicate malaria under the aus-
pices of the World Health Organiza-
tion, and even today DDT is the in-
secticide of choice for those areas of 
the world where malaria still exists. 
The reduction of malaria in the 
world has been dramatic but the pro-
gram has not eradicated malaria. The 
government of India in its fourth 5-
year plan stated that malaria was 
causing an annual loss of 7.5 billion 
rupees in 1952. In 1966, this loss 
was cut to 15 million rupees. Auxil-
iary benefits that result from malaria 
control are: mapping, census comple-
tion, strengthening of governmental 
image, skills developed, strengthening 
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of governmental relationships, devel-
oped health programs., developed in-
ternational cooperation, technological 
benefits to control other vectoI"..Ibome 
diseases, and contr0'l of other insects 
and diseases. 
Major ,areas of malaria still exist in 
Africa and part Q1f South America as 
well as some malarious areas in Asia. 
The co~ts of eradicati0'n are still too 
high for some undeveloped nations, 
and they are now shifting tQl a control 
pr0'gram with the g0'al tQl reduce the 
disease rather than eradicate it. DDT 
is still the most effective and econom-
ical chemical available. If DDT is 
banned, malaria c0'ntrol will become 
even more e,xpensive and difficult. 
11he malaria problem in Africa pre-
sents special problems. Residual 
spraying has frequently been ineffec-
tive in controlling the disease and 
new techniques must be developed. 
Currently the World Health Organiz-
ation has a number of research pro-
grams in Africa to' reach a solution 
to this problem. One of the promis-
ing avenues open [01 them is to apply 
pesticides to the larval habitat. 
Typhus is another disease of man 
that responds well to' pesticide use. 
The most dramatic example occurred 
in Naples, Italy in 1943. An epidemic 
started there because of conditions re-
sulting from the war. Authorities esti-
mated that 250,000 deaths would re-
sult if the epidemic followed the 
classic course. In December the city 
population was dusted with DDT 
powder, and the epidemic was 
aV0'ided. 
DDT also has been used success-
fully to c0'ntrol other diseases. There 
is no point in trying to review here all 
of the public health benefits of this 
pesticide or to try to review all of 
the current arguments both pro and 
con, regarding its use. However, many 
of the people who are supposedly 
weighing benefits against detriments 
are totally unqualified to do so since 
they remain unaware of the prQlblems 
of public health on a world wide 
basis. 
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OTHER VECTOR CONTROLS 
Another spectacular disease of man 
in the tropics spread by insect vectors 
and controlled by pesticides is fil-
ariasis. The parasite Wucheria ban-
crofti that causes the disease persists 
in the body for several years and can 
infect biting mosquitoes. This disease 
in its later stages is popularly knQlwn 
as elephatiasis because 0'f the extreme 
swelling of the limbs, particularly the 
legs . Other parts of the body also 
may be. aHected. Increasing human 
populations and urbanizatiDns in the 
tropics and semi-tropics withDUt a 
corresponding increase in sanitary 
facilities have invariably increased the 
habitat 0'f the vect0'r, a mosquito-
Culex plplens quinquefasciatus. 
Therefore, the disease is becoming 
more important. The larval habitat of 
the vector is water polluted with or-
ganic matter. Improper sewage dis-
posal is conducive to' producing large 
numbers of this mosquito. and sewage 
disposal is not keeping pace with pop-
ulation growth. 
In its early stages, the disease can 
be controlled by chemotherapy but 
only if the population takes the. drugs. 
Since, in its early stage, the disease 
does not produce severe symptoms 
and the drug can make the recipient 
ill, chemotherapy has been less than 
successful. 
A new prDgram is now in progress 
to interrupt the transmission 0'f this 
disease by applying a pesticide to' the 
larval habitat of the vector. In the 
experimental work conducted to date) 
fenthion has been the larvicide of 
choice. DDT was rejected for this 
work because the vector readily de-
velops resistance when exposed to it 
f0'r extended periods of time. Com-
pounds other than fenthion could be 
used, one of the most promising being 
dursban. Durshan was not available 
when the pilot project began in Burma 
and there is reluctance to' change pest-
icides in the middle of an experiment, 
particularly when the insecticide first 
selected is working well. This pro-
gram has not been in operation long 
enough for final analysis of interrup-
tion of disease transmissi0'n but pre-
liminary results are promising. 
Even thDugh pesticides are the 
-method of choice for disease controJ 
in many circumstances, the search 
continues for alternative methods and 
filariasis control presents one of the 
out8tanding examples of the complex-
ity of this research. The. mosquito 
vector is part of a species complex 
that has many different populations 
and subspecies that vary in cross fer-
tility from complete fertility to com-
plete infertility. A number of genetic 
factors are involved. By using one of 
these factors, a researcher was able to 
eliminate a population of this vector 
in a village near Rangoon, Burma by 
a method termed cytoplasmic incom-
patability. Briefly, he released males 
of the species which had cytoplasm 
from a Paris strain of the species. Fac-
tors in the cytoplasm were incompat-
ible with Burmese mosquitoes and 
when foreign males bred with native 
females, the eggs would not hatch . 
By releasing 5,000 foreign males 
daily in a small village, the scientist 
was able to eliminate the native popu-
lation in about 3 months. 
This technique, along with sterile 
male techniques developed by the US-
DA, appear so promising that the 
World Health Organization has begun 
a large research project near Delhi, 
India for the genetic control of CuIi-
cine mosquitoes. 
Another important disease vector 
controlled by pesticides is Aedes 
a egypti, the main vector of yellow 
fever, dengue fever, and a form of 
hemorrhagic fever. Yellow fever was 
the principle reason that the French 
were unable to build the Panama 
Canal. Control of the vector with 
larviciding oils enahled the United 
States to complete the canal. 
The United States has recently 
completed an unsuccessful attempt to 
eradicate this species from the South-
eastern United States, using an inte-
grated control program that included 
pesticides. No case of yellow fever 
has been reported in this country 
since 1905, but dengue fever occurs 
in epidemics with some frequency in 
Puerto Rico and other areas. These 
outbreaks sometimes cause the dis-
ease to be reported in the U.S. when 
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tourists are bitten by an infected vec-
tor and return home before the dis-
ease develops. 
This s.pecies has been greatly re:-
duced or even eradicated in large 
areas of South and Central America 
but in other parts Df the world where 
a suitable climate exists, particularly 
Africa and Asia, this mosquito flour-
ishes and is an important disease vec-
tor. Outbreaks of yell0'w fever have 
occurred recently in Africa while out-
breaks of dengue and hemorrhagic 
fever occur with frequency in various 
parts of Asia and the South Pacific. In 
many of these areas A. aegypti is a 
domestic mosquito breeding in various 
types of water containers around hu-
man dwellings, including the contain-
ers used for drinking water. 
Experimental programs are in pro-
gress in several places to control this 
mosquito by putting a granular form-
ulation of abate in water containers in-
cluding drinking water. This chemical 
is practically non-poisonous to man 
but destroys mosquito larvae at ex-
tremely low dosages. Aerial applica-
tions of pesticides, usually malathiDn, 
over wide areas for adult control have 
also been successful. This technique 
would be used t0' con trol wide spread 
epidemics of disease transmitted by 
this vector. 
Bubonic plague, the. Black Death of 
the Middle Ages, is also a vector-
borne disease that can, if need be, be 
controlled by pesticides. Other meth-
ods of control keep the disease in 
check throughout most of the world 
but periodically outbreaks do occur. 
In the United States a few cases are 
reported each year, primarily in In-
dians of the Southwest who apparently 
get bitten by fleas from rabbits. Out-
breaks have occurred in recent years 
in Southeast Asia and Indonesia. In-
secticides can be used tD control the 
flea vectors or rodenticides could be 
used to control the fIe.as' hosts in case 
of an outbreak. Normal rodent con-
trol practices tend to keep this disease 
in check. 
Large areas of Africa are, at pres-
ent, uninhabitable by man because of 
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African sleeping sickness transmitted 
by several species of Tsetse flies. 
Tsetse are common in many areas of 
Africa but not all are ef.ficient disease 
vectors. Control methods are varied 
but various kinds of pesticides, in-
cluding DDT have been successful. 
A number of encephalitides (brain 
fever) are also transmitted by insect 
vectors. In the United States the most 
important arthropod-borne encepha-
litides are Eastern encephalitis, St. 
Louis encephalitis , Western equine en-
cephalitis and Venezuelan equine en-
cephalitis (VEE). All of these are 
transmitted by mosquitoes of various 
species. Each has a rather complex 
relationship in nature involving a 
variety of hosts wherein the virus is 
non-pathogenic. Man is apparently 
an accidental host and has not devel-
oped a tolerance for these viruses. The 
treatment for these disease is usually 
called supportive the.rapy which 
means the victim is given as much 
care as practical but there is no cure. 
Vaccines are available for horses but 
not for man. 
MOSQUITO CONTROL 
ONLY ANSWER 
Mosquito control is the only prac-
tical preventative measure. Control of 
the vector is much more complex than 
is generally suspected by the public. 
Most control programs use a number 
of control techniques designed to 
complement each other. The major 
emphasis , if not major effort, is to 
eliminate or modify the. breeding 
sources so as to prevent production. 
In actual practice, the use Df pesti-
cides is an important part of most 
programs. In the United States, with 
its great wealth, the use of DDT for 
mosquit0' control is not routinely nec-
essary and all districts in the country 
have switched t0' non-residual com-
pounds. In Utah, the shift to short-
lived compounds began in 1955 be-
fore any pressure was being exerted 
to do so. In many parts of the coun-
try, mosquito resistance t0' insecticides 
has developed to the point that they 
are no longer effective. In Utah some 
slight resistance has been detected to 
dieldrin and heptachlor but these pest-
icides were eliminated from control 
programs very early for other reasons. 
In the United States the various en-
cephalitides transmitted by mosquitoes 
are not responsible for a large number 
of case·s of disease. However, when 
the disease does strike in an outbreak, 
the results are serious to those who 
get it. The death rate is relatively high 
and residual damage, particularly to 
children, can be great. 
Japanese B encephalitis is a seri-
OllS disease in parts of the Far East. 
Large numbers of cases occur each 
year and control is difficult. At pres-
ent adequate control procedures are 
not available but research here is pro-
gressing. Eventually an integrated 
control program sh0'uld develop in 
which pesticides will play a major 
role. 
PESTICIDES NECESSARY 
The foregoing discussion of human 
diseases carried by arthropod vectors 
controlled by pesticides has necessar-
ily been generalized and brief. Much 
had to be omitted. When a serious 
disease such as malaria is discussed, 
particularly in terms of overpopulated 
and under-developed countries, some 
people feel that the disease should be 
allowed to run its course as a means 
of population control. The. people 
proposing this are, of course, not in an 
area where they themselves will be the 
victims. However, the way to human 
happiness and a full life is not through 
disease, misery, and an early death . 
In any event, various diseases have 
not prevented overpopUlation and 
may even have contributed to it. Cul-
tural patterns in Pakistan and India 
are such that all parents feel they must 
have children to support them when 
they are old. Growing oJd without 
children is to be avoided at all costs. 
One way to insure that children sur-
vive childhood is to have many chil-
dren. So we see that man faces many 
problems and all cannot be solved 
immediately. Pesticides are now suc-
cessfully used to reduce some Df man's 
problems which will allow him to de-
vote his time and increased energy to 
other pressing problems. 
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The Utah community pesticide study 
The types , quantitie,s, and purposes 
of pesticide usage in Utah were deter-
mined for 1969 and 1970. There were 
1.1 million pounds of pesticides used 
in Utah in 1970. This is minimal in 
comparison with quantities used in 
adjacent states. There were 61,918 
pounds of the chlorinated hydrocar-
bon pesticides, including 11 ,348 
pounds of DDT used in 1970. There 
were 182,101 pounds of the rapidly 
degradable O'rgano-phosphate pesti-
cides used in 1970, and 656,509 
pounds of herbicides. Sixty-nine per-
cent of all pesticides are used in agri-
culture ; 18 percent for yards, houses 
STEPHEN L. WARNICK 
and gardens; 9 percent by commercial 
applicators; and 4 percent for mos-
quito control. 
Utah is one of 14 states unde,r con-
tract with the United States Environ-
mental Protection Agency to investi-
gate the influence of pesticide,s on hu-
man health. The contract is with the 
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Salt Lake City. 
Utah State Division of Health whioh 
provides administrative services, and 
laboratory and office space for the 
project staff. Suh-cO'ntracts have been 
made with the University of Utah and 
Utah State University to' do portions 
of the research. 
The organizatiO'n of all the projects 
is much the same. The program is di-
vided into work units to investigate 
specific areas of the problem. The 
Utah project has 10 work units, and 
following is a brief description of the 
activities and findings in each of 
them: 
Table 1. Pesticides applied in Utah, 1969 {pounds of active chemical} 
Pesticide 
Insecticides 
Organic phosphates: 
Baytex 
Ciodrin 
Coumaphos 
Diazinon 
Dibrom 
DDVP 
Di-Syston 
Guthion 
Malathion 
Meta Systox R 
Parathion 
Ruelene 
Trichloro.fon 
Other 
Chlorinated Hydrocarbons: 
Aldrin 
BHC (Lindane) 
Chlordane 
Di-chloropropene 
DDT 
Dieldrin 
Endrin 
Heptachlor 
Kelthane 
Methoxychlor 
Thiodan 
Toxaphene 
Other 
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Farm 
5,670 
2,500 
Livestock 
610 
5,000 
960 
10',250' 2,000 
1,670 
83,875 
10,0'0'0 
9,000 
3,750 
1,800 
1,500 
1,000 
5,000 3,000 
1,250 
50,000 
Fruit 
2,715 
1,440 
6,370 
550 
55 
335 
385 
1,0'25 
Commrcl 
applctrs Domestic 
6,183 
1 
66 
208 
61 
3,534 
30 
480 
38 
503 
151 
14,397 
933 
1,468 
69 
470 
6 
38 
343 
4,855 
3'45 
1,485 
248 
98 
4,920 
1,385 
10'7 
960. 
248 
22'3 
Govt 
agencies 
360 
5'0 
Mosqto 
abtmnt 
1,796 
1,074 
470 2,619 
30',720 
66 
224 
125 1,015 
93 4'0 
20 
66 
Total 
1,796 
610 
5,000 
14,928 
2,8'58 
5,881 
603 
8,93'1 
20,908 
2,00'3 
115,410 
1,500 
10,000 
104 
50'3 
1,473 
19,317 
9,00,0 
7,593 
1,708 
20, 
1,029 
3,543 
8,223 
1,250 
50',006 
1'04 
53 
Table 1. Continued 
Commrcl Govt Mosqto 
Pesticide Farm livestock Fruit applctrs Domestic agencies abtmnt Total 
Botanicals 
Pyrethrins 3 98 101 
Rotenone 1,000 126 695 1,821 
Carbamates 
Baygon 193 193 
Carbaryl 5,630 340 2,3·62 285 200 8,817 
Herbicides 
Amitrole 2,400 -r,050 3,825 7,275 
Arsenic 40 120,000 1201,040 
Atrazine 30',320 2,080 2,480 9,124 44,0'04 
Avadex 2,000 2,000 
Banvel 0 1,440 12 1,440 12 2,904 
Bromocil 
Carbyne 216 216 
Casoron Oichlorbenil 625 625 
Oacamine 124 1,000 1,124 
Oacthal 173 350 523 
Oalapon 1,220 75 4,085 5,380 
2,4-0 & 2,4,5-T 214,800 1,040 14,200 24,398 254,438 
Eptam 5,400 300 5,700 
Hyvar X 165 232 15 412 
Monuron (Telvar) 1,400 1,400 2,800 
Pramitol 90 1,000 90 1,180 
Proprionic Acid 
(Silvox) 160 20 180 
Pyramin 2,400 2,400 
Ro-Neet 66,000 3 66}003 
Simazine 10',200 8 60'0 2,080 12,888 
Sodium Chlorate 1,720 2,460 110 4,290 
Sodium Metaborate 150 75 225 
Treflan (Trifluratin) 1,900 100 2,000 
Trichlorobengoic Acid 2,420 2,420 
Miscellaneous 
Ourocide 128 128 
Folpet 155 155 
Karathane 6,345 91 6,436 
Petroleu m oi I 86,400 56,550 300 392 12,395 156,037 
Piperonyl butoxide 317 317 
Sulphur 26,500 2,141 28,641 
Thuricide 2,550 2,550 
Warbax 2,400 2,400 
TOTALS 578,671 67,470 102,610 36,525 165,394 47,051 49,949 1,047,670 
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1. Community Profile. The state 
was carefully surveyed for pesticide 
usage. Comprehensive ecological and 
demographic data, as well as morbid-
ity and mortality data, were obtained. 
In Utah, 10,047,670 pounds of 
pesticides weife used in 1969, includ-
ing 7,593 pounds of DDT (table 1). 
2. Pesticide levels in tissues of the 
general population. Each year, 40 fat 
samples and 400 blood samples repre-
senting the populat.ion of Utah are 
analyzed for pesticide residues. Total 
DDT levels in the adipose tissue of 
Utah people have decreased from 9.0 
ppm in 1968 to' 7.0 ppm in 1969 to 
5.3 ppm in 1970. Utah levels are 
slightly lower than the national aver-
age. Table 2 is a summary of pesticide 
levels in Utah people. 
3. Pesticide levels in the environ-
ment. The University of Utah (Center 
for Environmental Biology) has a 
sub-contract to inves.tigate· environ-
mental pesticide levels. Sampks of 
food, water, air housedust, soil, wild-
life, etc. are collected periodically and 
analyzed for pes'ticide levels. Pesticide 
levels are minimal in these sampleoS 
and would seem to pose nO' threat 
to the safety of man or animals. 
4. Investigation of acute poisonings. 
Excellent laboratory facilities enable 
the project to assist in the diagnosis of 
any suspected human or animal poi-
sonings. In the past year, 24 cases in-
volving humans and 16 cases involv-
ing animals were investigated. In only 
one case was pesticide exposure the 
probable cause of the 'problem. 
5. Long-term study of an occupa-
tionally exposed population. Seventy 
men with heavy occupational expos-
ure to pesticides and a matched groop 
of 30 men not having direct exposure 
were selected as participants in t1his 
study. The men are given a compre-
hensive physical examination, and 
three quarterly checkups each year. 
About 50 clinical and biochemical 
tests are made of each participant 
each quarter. 
The resulting data are analyzed 
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medically and statistically for differ-
ences between the two groups. Dif-
ferences occasionally show up, but. it 
is yet to be shown that any of these 
differences are detrimental to health. 
Tables 3 and 4 are summaries of tests 
with significant differences between 
the exposed and control groups in 
1969. 
6. Aerial applicator investigations. 
One fatal sprayplane crash in 1969, 
and one fatal and one non-fatal crash 
in 1970 were investigated to see· if ·the 
pilot's exposure to pesticides con-
tributed to the crash. In neither case-
could it be shown that pesticides were 
responsible .. 
Table 2. Serum pesticide levels in Utah general population (ppb) 
Year Number 
1967 72 
1968 237 
1969 267 
1970 439 
Single extraction 172 
Triple extraction 843 
Urban 176 
Rural 377 
21 years 104 
21 years 911 
Overall 10.15 
ppDDT 
9.8 
7.2 
7.9 
4.3 
8.4 
5.9 
3.5 
11.5 
3.1 
6.7 
6.3 
ppDDE 
19.5 
15.4 
2'0.8 
18.7 
15.2 
19.3 
16.0 
24.2 
12.0 
19.3 
18.6 
Adipose tissue 
(ppm total DDT) 
9.0 
7.2 
5.3 
7.3 
Table 3. Means of tests with significant difference - group as the base 
variable, Utah (combined 1969 data) 
Control mean Exposed mean T test 
Variable (N=104) (N-234) sig tevel 
Serum fiBHC 0..9 ppb 2.6 ppb 0.1% 
Serum ppDDT 3.3 ppb 8.5 ppb 0.1% 
Serum ppDDE 19.0 ppb 29.5 ppb 0.1% 
Serum dieldrin 0.8 ppb 3.5 ppb 0.1% 
y globulin 1.22 1.15 2.0% 
Urine WBC 0.12 0.26 2.0% 
Cholesterol 189.9 198.3 2.0% 
Creatinine phosphokinase 4.46 5.67 50.0% 
lymphocytes 36.86 34.82 5.0% 
RBC cholinesterase 11.33 10.91 5.0% 
Diastolic BP 83.1 88.5 5.0% 
Plasma cholinesterase 4.3 4.1 10.0% 
Table 4. Means of tests with significant difference - serum DOE level as 
the base variable 
, 
" '" 
IV 
Test 15 ppb DDE 15-20 ppb DDE 20-30 ppb DDE 30 ppb DDE Sig 
ppDDT (ppb) 2.5 3.5 6.2 10.4 0'.0.5:% 
Exp. group (%) 50.9 78.3 75.8 0'.5 % 
lDH 329.6 332.5 347.2 375.0 5.0 % 
SGPT 25.6 22.3 25.9 3'0.7 5.0 % 
Dieldrin (ppb) 2.9 3.5 6.3 6.6 10..0' % 
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7. Special investigations. This work 
unit has been implemented to investi-
gate areas of special interest. Studies 
completed or on-going include: 
a) The effect of pesticide exposure 
on some of the enzyme systems 
of the body. 
b) The relationship of pestic,ide ex-
posure to recovery from anes-
thesia. 
c) The relationship of pe,slticide 
expO'sure· to sputum cytO'logy. 
d) Biochemical effects in rats pro-
duced by DDT dosage. 
e) Ef.fects of DDT on calcium 
metabolism. 
f) Pesticide levels in human milk. 
8. Chromosome morphology. Blood 
from 20 of the participants most ex-
posed to pe.sticides has been subjected 
to chromosome analysis. Preliminary 
results indicate a slightly higher inci-
dence of abnormalities than a com-
parative control group. Additional 
work will be done in this area. 
9. The effects of pesticides on mam-
mals. Utah State University (Depart-
ment of Animal Science) has been 
given a sub-contract to inve~tigate 
the effects O'f diet drugs and other 
pesticides on the toxicity, storage, and 
metabolism of pesticides in mammals. 
Dr. Joseph C. Street is directing this 
work and any effects he identifies in 
his animal studies can be looked fO'r 
in the human studies. 
10. Data management. The results 
of all the tests, interviews, and exam-
inations are subjected to thorough 
computer analysis and studied by the 
project staff for significant findings. 
The data from all 14 projeots are 
being pooled, making the. study popu-
latiO'n large enough for significance. 
SUMMARY 
There are hazards connected with 
the use of pesticides, but the hazards 
we presently recognize are mostly re-
lated to' improper use and handling of 
the chemicals. It would s'ee:m wise 
to address our efforts toward proper 
use of pesticides, rather than prohibi-
tiO'n. Prohibition should be reserved 
for chemicals proven unusually dan-
gerous. 
We must continue to make objec-
tive studies, detect offending chem-
icals or degradation products, and de-
tect dangerous use patterns. 
Research, such as the, community 
pesticide studies are doing with work-
ers heavily to' pesticides, is the b~t 
means of protecting the public from 
any harmful effects caused by these 
chemicals. 
Man derive,s. much more benefit 
than .trauma from the use O[ pes1li-
cides. For the present, it appears that 
the sensible use of these chemicals is 
an essential weapon to use in m'an's 
batltle with insects f(}lf survival. 
What can USU do about pesticides? 
Utah State University with its broad 
involvement with people, the environ-
ment, and agriculture has a major re-
sponsibility in the area of pesticides. 
We are doing basic research with 
them. We are testing and demonstrat-
ing their use on crops, livestock and 
humans. Life would be very miserable 
to us if we did not control undesirable 
insects. Crop and livestock production 
would be seriously hampered without 
effective means of controlling insects, 
weeds and plant diseases. 
In some ways, I object to the term 
"pesticides" as now used by the gen-
eral public. Including many different 
types of chemicals under such a broad 
classification encourages people to 
consider them as one. Those witJh 
even a meager knowledge of ·these 
chemicals realize that they differ 
56 
LOUIS A. JENSEN 
greatly in their use and potential 
hazard to the environment. 
Most herbicides (chemicals used 
for controlling weeds.) have a very low 
toxicity to warm blooded animals. If 
the normal precautions are used, they 
can be used safely by the applicator 
and with little potential direct danger 
to the general population . The great 
danger in herbicides, however, are in 
the possible damage caused to desira-
ble plants such as trees, shrubs, orna-
mentals, and crops. Some of our new-
er herbicides are extremely potent. A 
few drops diluted with thousands of 
• 
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gall0'ns of water can kill acre·s of sensi-
tive crops or ornamentals. 
The question has been raised as to 
whether a University should be mak-
ing recommendationSi on the use of 
pesticides. I feel that we should. 
Chemical companies are not able to 
conduct adequate tests on all their 
pr0'ducts in the various states to ena-
ble them t0' make sound recol11iID0nda-
tions under alliocai situations. This is 
especially true with herbicides which 
are greatly effected by soil type and 
climatic conditions. Where can a 
gr0'wer turn for this type of help, if 
not his land-grant college or univer-
sity and his local extension agents? 
This means that an institution like 
Utah State University must conduct 
sound research and extension pro-
grams in pesticide use if it is to serve 
the needs of the people of Utah. 
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Mechanism of pesticide toxicity 
R. P. SHARMA 
The primary justification for using 
pesticides is pegged to the fact that 
they are toxic to certain target organ-
isms. Somehow they produce physio-
chemical reactions in functionally im-
portant molecules in the living organ-
ism. Although the entire support for 
the use of pesticides depends on their 
selective toxicity, i.e. they are usually 
more toxic to the target organisms 
than to the higher animals and man, 
such selectivity is only a matter of de-
gree. These chemicals are considered 
undesirable and/or toxic whenever 
they come into contact with nontarget 
organisms such as man and animals 
of economic and asthetic value in 
quantities sufficient to elicit a measur-
able response. 
Unfortunately our present knowl-
edge about the molecular mechanism 
of such toxic actions is quite limitcd. 
In many cases, the toxic mechanisms 
EXPOSURE TO A PES11CIDE 
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Figure 1. Diagrammatic representation of the fate of a pesticide in a 
complex organism. The various membrane barriers are represented by dif-
ferent lines. (The size of the various chamber bears no relationship to the 
actual dimensions.) 
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are related to the manifestation of vis-
ible alteration of function or changes 
in some chemical processes necessary 
to life. Although this information is 
an important step forward, more 
studies are needed. The detailed 
knowledge of these toxic processes 
will help establish the rationale of 
pesticide use and prevent large scale 
damage. 
It may be assumed that the toxic 
symptoms are manifestations of chem-
ical-biological interactions on a molec-
ular or cel1ular level. Although there 
is some relationship between the 
amount of pesticide ingested or ab-
sorbed by an organism, the concen-
tration present at the cellular site of 
its toxic action depends on several 
limiting factors unique to an animal 
species or even individuals within a 
species. 
Before a toxic substance reaches 
the site of action, it may have to cross 
several membrane barriers in the or-
ganisms or it may be diluted or bound 
in various organs. Most organisms do 
have mechanisms to rid themselves of 
toxic chemicals by detoxification 
(metabolic pathways) or excretion. A 
diagrammatic representation of such 
factors is given in figure 1. Differ-
ences in the method of handling toxic 
chemicals by various organisms are 
quite often the basis of selective tox-
icity . 
ENZYME INHIBITION 
Several pesticides presently in use, 
including the organophosphorous 
compounds and carbamates, are in-
hibitors of the. cholinesterase enzymes. 
These enzymes are widely distributed 
in various tissues, and their function 
is to inactivate the chemical acetyl-
choline which is liberated at the nerve 
endings to carry signals from one 
nerve to another. These signals in 
• 
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turn cause muscle fibers to react. The 
toxic inhibition of acetylcholinest-
erases causes an excessive amount of 
acetylcholine to accumulate and that 
in turn causes excessive muscular con-
traction (figure 2). The muscles fin-
ally become paralyzed. This inter-
feres with the vital processes such as 
respiration or circulation and ulti-
mately death results if the cause is 
not corrected. 
Knowledge about the mechanism of 
toxic action of pesticides has been 
very useful in determining the pre-
ventive conditions of "safe" exposure 
of humans and domestic animals and 
curative steps in cases of toxic ex-
posures. The rational treatment of the 
toxicity of cholinesterase-inhibitors in-
cludes the reactivation of the inhibited 
enzyme (if attempted in time) and the 
use of acetylcholine antagonists, (e.g. 
atropine) that will protect the organ-
ism from the undesirable toxic effects 
of accumulated acetylcholine. 
OELA YEO TOXICITY 
Although the acute toxic symptoms 
in the case of organophosphorous in-
secticide poisons may be described on 
the basis of anticholinesterase action, 
these chemicals have some toxic prop-
erties that are not related to such en-
zyme inhibition. Many pesticides of 
this group have been reported to cause 
a delayed paralysis in mamalian and 
avian species. Such delayed action is 
associated with degeneration and 
demyelination of peripheral nerves 
and tracts in the spinal cord. The 
exact mechanism of such neurotoxic 
effects is not well known, and studies 
in this direction are currently in pro-
gress in our laboratory. 
ACUTE TOXICITY 
Many chlorinated hydrocarbon 
pesticides cause clinical symptoms 
that are indicative of their neurotox-
icity. Experimentally as well as in 
some accidental cases , members of 
this class of pesticides cause marked 
electro - encephalographic changes. 
These changes are characterized by 
periodically occurring bursts in the 
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Figue 2. Schematic drawing showing the inhibition of acetylcholinesterase 
by organophosphorus pesticides: A. In a normal case, the acetylcholine (AC) 
liberated from the nerve ending may combine with the receptor site (R) at 
the effector cell tQ initiate a contraction. The acetylcholine is then hydrolyzed 
by acetylcholinesterase CAE). B. The occupation of the acetylcholinesterase 
sileo by an organophosphate molecule (OP) prevents the hydrolysis of 
acetylcholine, which then accumulates and causes prolonged contraction that 
in turn causes paralysis of the effector cell. 
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Figure 3. The influence of dietary dieldrin on brain amine levels in young 
Mallard ducks. The animals were fed different concentrations of dieldrin in 
the diet and the brain amine levels were measured at the age of 11 weeks. 
Note that the three amines-serotomin, norepinephrine, ad dopamine-were 
gradually reduced. 
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Some considerations __ _ 
PESTICIDES AS CHEMICALS 
Pesticides are but one class of the 
many chemicals which pervade and 
influence Dur lives and envirDnment. 
In 1968, the value of pesticides pro-
duced in the United States was esti-
mated to be $849,240,000. This in-
cluded 130 million pounds of fungi-
cides, 318 miLlion pounds of herbi-
cides and plant hormones, and 511 
million pounds of insecticides, fumi-
gants, and soil conditiDners. 
electric waves. The frequency of 
these abnormal bursts is related to the 
pesticide level in the body. No bio-
chemical mechanism of such neuronal 
changes has been explained. This has 
resulted into a lack of any specific 
curative measure in cases of toxicity. 
Clinincal manifestation usually in-
cludes convulsions, weakness or par-
alysis. 
CHRONIC EFFECT OF PESTICIDES 
There has been a great concern 
about the chronic and sublethal effects 
of various pesticides in animals and 
man. Several pesticides, notably some 
of the organo-chlorine compounds, 
tend to accumulate in certain body 
tissues (i.e. adipose tissue). Levels 
much greater than the exposure levels 
often exist in these tissues. Little in-
formation is available about the long 
term effects of such accumulated resi-
dues. Several pesticides, on chronic 
exposure, are known to stimulate pro-
duction of certain liver enzymes that 
are involved in the metabolism of 
foreign compounds or certain natural 
products. Such increased enzymic ac-
tivity Df liver cells may be protective 
(by increasing the bio-transformation 
of toxic materials) or harmful (by 
converting non-toxic chemicals into 
toxic compounds). The exact signifi-
cance of such changes is not well 
known. 
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The proper dispDsition of these 
chemicals and this large industry is 
clearly a matter of major public con-
cern. Broad and far-reaching policy 
decisions need to be made. But who 
should make such decisions? Who 
should be given the task of placing 
pesticid s in perspective? What rDle 
should various professional disciplines 
fill in relation to public opinion? 
My personal view is that each pesti-
It is presumed that some pesticides 
cause certain changes in the behavior-
al pattern of exposed organisms. Very 
little information is available in this 
regard. Recent studies in the depart-
ment of Wildlife Resources at Utah 
State University have shown adverse 
behavioral effects of dieldrin in mal-
lard ducks. Simultaneous studies in 
our laboratory about the concentra-
tions of brain biogenic amines in these 
birds showed the dieldrin caused a 
marked depletion of neurohumoral 
agents (figure 3). These results indi-
cate a possible biDchemical explana-
tion of subtle behavioral changes. 
More studies in this direction also are 
needed. 
Concern about the carciogenic, mu-
tagenic, or teratogenic activity of the 
pesticides is growing at a rapid rate. 
Long term studies are needed to de-
cide whether these che·micals may 
possess such toxic properties or not. 
In addition, more information is 
needed about the interaction effects 
of these chemicals among each other, 
and with other environmental stress 
factors. Only after sufficient data have 
been gathered may it be possible to 
decide that a certain chemical is safe 
enough to be used as a pesticide or 
not. Only then may we be able to de-
sign protective measures against po-
tentially toxic but economically bene-
ficial poisons. 
cide must be considered on its own 
merits and shortcomings-its own po-
tential for pollution or contribution. 
No individual aJone , whether toxicolo-
gist, agriculturalist, or ecologist, can 
do this satisfactorily. Rather, these 
individuals should be relied upon to 
contribute the best and most complete 
information they have to the develop-
ment of broad policy decisions in the 
courts and legislatures. The decisions 
must be political or legal in nature. 
Only in this fashiDn, can we hope to 
make decisions in the best perspec-
tive and public interest. 
One professional group which will 
have much to do with development of 
effective and environmentally safe 
pesticide technolDgy are the agricul-
tural chemists. This is because pesti-
cides are chemicals, subject to the 
principles and laws of chemistry and 
toxicology. CDnsideration of pes·ti-
cides from a chemical point of view 
is essential to' properly placing them 
in perspective. 
PESTICIDE TOXICITY 
Pesticide toxicity to target and non-
target organisms is a principle concern 
in toxicology. Non-target organisms 
include those which were not intended 
to be killed or poisoned by the pesti-
cide applicatiDn. It is virtually im-
possible to determine pesticide tDX-
icities fDr all non-target organisms 
due, principally, to the large numbers 
of species which contact any spray 
residues. Apart from this, however, 
there are other more specific prob-
lems in evaluating pesticide toxicities 
which must be understood before wise 
decisions can be made. 
• 
WILLIAM A. BRINDLEY is an Associate Pro. 
fessor in the Department of Zoology. 
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Acute toxicity and chronic toxicity 
are often considered in pesticide tox-
icity studies. Acute toxicity, which is 
the effect in killing animals or plants 
in a short period of time, is more eas-
ily measured. Some acute toxicity 
data is presented in figure 1. The 
lower the LD50 dose, the more toxic 
the comp0'und. The LD50 estimates 
the dose which would kill 50 percent 
of the test population. Chronic toxicity 
differs from acute t0'xicity in that the 
time of the test is much longer. Acute 
toxicity tests last usually a day or 
less. Chronic t0'xicity tests may ex-
tend for days, weeks, or years and 
may include studies of reproduction 
effects, production of deformed pro-
gency or induction of cancer. 
The chemical structure can often 
be correlated with differences in tox-
icity. Such studies of sltructure-activ-
ity relationships, are helping to develop 
selectively toxic insecticides. For ex-
ample, methyl parathion and Sumi-
thion differ only slightly in structure 
but Sumithi0'n is nearly 18 ,times less 
toxic to' mammals (figure 1). Meth-
oxychlor (24 times less toxic) has a 
similar re.lationship to DDT. 
COMPLICATING FACTORS 
Each of these toxicity tests are com-
SUMITHION 
METHOXYCHLOR 
H 
CH30-o-~ C ~OCH3 
- I-~ 
CCI 3 
LD5d 6,000 
plica ted by numerous fact0'rs and par-
ticularly by the experimental c0'ndi-
tions which are to be chosen. In many 
cases, one cannot experiment directly 
on the species of interest and must 
substitute 0'ther species. Although 
closely-related species often behave 
similarly, there are often dramatic 
differences. For example, oarbaryl is 
very toxic to honey bees, only mod-
erately toxic to alkali and leaf cutteT 
bees, and quite ineffective against 
house flies. 
For some insecticides, the ranges of 
LD;}o values reported are surprisingly 
large for apparently identical experi-
ments. This is because other experi-
mental conditions are also important 
but are not often reported in summa-
ries of toxicity data. These include the 
time the test was done , the sex, age, 
and nutritional status of the, animal, 
the purity of the insecticide, and other 
factors. For these, reasons, toxicity 
values cannot be directly transferred 
from species to species or even from 
individual to individual in every case. 
Even greater variations would be 
found with different routes of admin-
istration such as dermal or intraven-
ous routes. These difficulties are com-
pounded many fold when dealing with 
chronic toxicity. 
One difficulty with discussing acute 
DDT 
H 
CI-o-~ C~CI 
- I \d 
CCI 3 
LD50:- 250 
Figure 1. Structure and acute oral LD50 to rats in milligrams per kilogram 
of four insecticides. 
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toxicity is that one cannot geneTalize 
the results of a few determinations to 
all members of the class of pesticides 
involved. LD50 values are sometimes 
used for this purpose. Parathion, one 
of the firs<t: and most important organ-
ophosphorous insecticides is very 
toxic. Organophosphates therefore 
have, to many, a reputation for high 
acute toxicity. Some organophos-
phates, however, suoh as malathion, 
Sumithion, Abate and Gardona have 
rather low acute toxicities. 
PESTiCIDE MOVEMENT IN 
THE ENVIRONMENT 
Pesticides often get into the air, 
water, soil, or organisms, where their 
presence and persistence is undesir-
able. Certain physical, chemical, or 
biochemical properties govern this. 
Among these properties are water and 
fat solubility, vapor pressure, stability 
to light, weathering or pH, and tend-
ency to be metabolized. 
All of these factors (solubility, vol-
atility, stability, and metabolism) re-
late to the total persistence of a pesti-
cide which man can now only slightly 
influence by his pesticide-use practices 
and environmental management. Each 
of these properties are related to the 
chemical structure of tJhe pesticide. 
The relationships are complex and 
usually only interpretable by a com-
petent toxicologist. Certain examples 
are discussed below. 
EFFECT OF PHYSICAL PROPERTIES 
DDT and dieldrin have very low 
water solubilities. However, both are 
readily dissolved in fats and lipids and 
are ·absorbed t0' rt!he organic fractions 
of soils. DOT is about 923 times more 
soluble in olive oil than in water. 
Therefore, in unturbulent waters, 
much of the residues will be absorbed 
onto bottom sediments.. However, that 
absorption is too weak: to prevent the 
insecticide from being dissolved in the 
Jipid-con~aining membranes of ani-
mals or the lipid-containing cuticle of 
plants. Hence, they enter biological 
organisms from otherwise inert en-
viroI11Illental deposits. More water 
soluble pesticides would be present in 
the water Dr absorbed tD clay particles. 
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Other factors may also be impor-
tant. The tendency for molecules to 
vaporize into the air is measured by 
the vapor pressure. Methyl bromide 
is used as a fumigant because of its 
very high vapor pressure (1420 mm 
Hg) . Even though the vapor press-
ures of some pesticides are very low, 
they can have significant effect upon 
their loss by evaporation or codistilla-
tion with water. 
The vapor pressure of dieldrin 
mixed in a silt lnam snil has been esti-
mated to be 2.2 x 10 - (; mm Hg (0.-
0000022) at 20 ° C and 100 ppm con-
centration. The vapor density of 
dieldrin-saturated air under these con-
ditions was 45 nanograms per liter. 
Despite this low vapor pressure, the 
principle mechanism of accumulation 
cf dieldrin on upper plant parts was 
vaporization frnm the soil and con-
densation on the leaves. Of course, 
movement of the saturated air by 
wind or removal nf the dieldrin by 
accumulation on plant parts would 
permit more to be volatilized from the 
soil. Increasing soil temperatures in-
crease the volatilization also. Al-
though significant, dissolution in run-
off water was less important because 
of dieldrin's low water solubility (0.25 
ppm, 20 °C). Water eroding soil sedi-
ments did account for significant diel-
drin losses. 
When applied to the soil surface or 
the surfaces of buildings , insecticides 
and pes<ticides are also subject to the 
effects of light and weathering. Of 
course, if the residue is below the sur-
face of soil or water, or in a biological 
organism, then light, weathering, and 
vaporization have much less effect. 
Farmers frequently use this principle 
to extend the life of the insecticide 
residue in the field and to bring the 
insecticide into the region of the plant 
seeds and roots where soil-infesting 
insects burrow. 
The pH of the environment may 
also be important. Gardona and chlor-
fenvinphos have nearly identical struc-
tures but different pH susceptibilities. 
Gardona's half life time. at the concen-
tration of 2 ppm, at pH 9.1, 38°C is 
37 hours whereas chlorfenvinphos' 
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half life is more than 400 hours under 
the same conditions. The pH effect 
would be to completely detoxify the 
insecticide. Less, however, is known 
about ,the quantitative importance of 
pH factors in degrading pesticides. 
EFFECT OF METABOLISM 
Once in biological organisms, most 
pesticides are readily metabnlized. 
Most are broken down into simpler 
and more wate·r soluble molecules 
which are cccasionally more toxic but 
are more often less toxic or non-toxic. 
Their elements and degradation prod-
ucts can be transferred in the environ-
ment or incorporated into organisms. 
DDT degradation and metabolism has 
been widely discussed and sometimes 
misunderstood in popular literature. 
Methoxychlor, a related insecticide, 
pres~nts an interesting contrast. 
Contrary to popular belief DDT is 
often slowly degradable in the environ-
ment and is metabolized by organisms. 
As with many pesticides, soil micro-
organsms playa major role in degrad-
ing DDT. DDT may alsn be degraded 
by movement across clay particles or 
by ultraviolet light. Such transform-
ations usually significantly change. a 
p"sticide's properties such as solubility 
and toxicity. 
Yet, DDT is often very persi~tent 
in the environment. It and its lipo-
philic metabolites are passed up food 
chains by accumulation in the lipid de-
posits of animals. Highest residues 
often occur in predatory species and 
may potentially lead to problems de-
p_nding on many difficult-to-evalu-
ate factors which are present in any 
chronic toxicity determination. 
Although closely related to DDT, 
methoxychlor is often more rapidly 
metabolized than DDT and therefore 
doesn't accumulate as much in at least 
some organisms. The remarkable suc-
cess of DDT in effective. and mone-
tarily cheap insect control has, how-
ever, overshadowed the use of meth-
oxychlor. As an illustration of this, 
in 1967, DDT cost 18c per pound and 
had 334 registered uses. In contrast, 
methoxychlor cost 66c per pound and 
had 81 registe.red uses. Consequently, 
little basic information is known of 
methoxychlor's metabolism and en-
vironmental accumulation. 
CONCLUSION 
I have only briefly indicated some 
of the many considerations to be made 
in understanding pesticides as chem-
icals. In addition to explaining pesti-
cide toxicity and persistence, chemical 
and toxicological principles dominate 
the techniques for pesticide residue 
detection and analysis. Hence, con-
siderations of pesticide safety and us-
age policy should be strongly influ-
enced by information from pesticide 
chemistry and toxicology. 
WILDLIFE NOTES 
The raccoon gets its name from 
the fact that it washes its food be-
fore eating it. The name raccoon 
is a derivation of the Indian name 
"arathcone" meaning "the washer." 
• 
The use of the words "frog" and 
"toads" is often confusing. In gen-
eral, frogs have smooth skins and 
toads warty skins. 
• 
The ribs of the turtle are outside 
its hip and shoulder girdles - the 
only vertebrate in which this 
occurs. 
• 
Even though the mole lives un-
derground, its soft fur is so con-
structed that no earthly stain de-
files its glossy smoothness. 
• 
Although the lion is called "King 
of the Beasts," he is not the largest, 
strongest or even the bravest mem-
ber of the animal world. 
• 
Fish with forked tails are the 
fastest swimmers. 
• 
Female black bears produce 
from one to four cubs every two 
years. 
• 
The federal government's first 
bird study was launched in 1885 
when it sought to determine the 
effects of English sparrows on 
farming. 
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REGULATION OF PESTICIDES 
From the earliest commercialization 
of insect pest control based on insecti-
cides, regulatory procedures have been 
enacted to provide public protection. 
These acts gradually evolved from the 
basic prDvision against marketing sub-
standard Dr mislabelled insecticide 
products prDvided by the 1910 Fed-
eral Insecticide Act, to the present reg-
ulation of herbicides, fungicides, and 
many other types of agricultural chem-
icals coLlectively termed "pesticides." 
The major United States federal reg-
ula~ion Df pesticides is based on two 
mechanisms-registration of the pro-
duct and establishment Df acceptabJe 
levels (tokrances) in foods (table 1 ) . 
These procedures, together with 
certain aspects of control over trans-
porting Dr mailing chemicals (under 
the Federal Caustic Poison Act) and 
regulation of aircraft operations under 
the Federal Aviation Administration, 
have served the intended purposes Df 
regulating the agricultural chemicals 
industry, protecting the. safety of the 
food supply, and preventing the oc-
currence of secondary problems (such 
as cDntamination of animal feeds) 
within the agricultural industry, itself. 
Unfortunately, this legislation has nDt 
demDnstrated an equal capacity to 
adequately prDtect the general en-
vironment. 
The purpose of this article is to 
briefly outline the concepts in these 
regulations and cDnsider the desir-
ability of suggested modificatiDns. 
Registration of a pesticide product 
is required under federal law, and ad-
ditionally by each state, as a condition 
for its marketing. At the federal level) 
registration involves judgment of 
efficacy, absence of public health haz-
ard, suitability of the product label in 
terms Df directiDns for use and warn-
ings pertaining to safe use. The spec-
ific criteria for judgment have steadily 
evolved since original enactment of 
62 
JOSEPH C. STREET 
the Federal Insecticide, Fungicide, 
Rodenticide Act (FIFRA) in 1947. 
Administration Df that act was placed 
in the Department of Agriculture. 
However, from the Dutset, the Public 
Health Service (HEW) and the De-
partment of the Interior became in-
volved as advisors from the stand-
points Df human safety and expected 
impact on fish or othe,r wildlife. Ad-
ministratiDn of aN this. was reorganized 
in 1970 by plaoing the entire judgment 
(of efficacy, slafe:ty to man, wildlife, 
and the tDtal environment) in the 
hands of the newly formed EnvirDn-
mental Protection Agency (EPA), al-
though with no substantial changes in 
the concept of registration. But 
changes in registration philosDphy can 
be anticipated since at this writing 
(June, 1971) CDngress is considering 
several possible revisions of FIFRA. 
Each state also requires pesticides 
to be registered under individual state 
acts. The criteria and conditiDns in-
volved under these acts, however, rar-
ely differ from those at the federal 
level. Most states , like Utah, cannDt 
possibly pursue an independent eval-
uation of every pesticide product, and, 
therefore, generally register any prod-
uct requested by the manufacturer 
that bears a valid federal registration. 
While the registration concept as' 
outlined may seem to cover the needs 
of society in regulating pesticides 
fairly weU, experience has shDwn seri-
ous deficiencies. The prDblem is that 
the registration process serves mainly 
to prDvide order in the pesticide in-
dustries. This is obtained through the 
efficacy requirements, standardization 
• 
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of labels, and general procedures to 
regulate marketing. But the public is 
not provided with any selective judg-
ment about the suitability for use of 
anyone product among a group of 
pesticides having similar effectiveness. 
This is because any applicant'S prod-
uct must be accepted fDr registration 
if it meets the various criteria laid 
down. Following this, the product's 
practical value then becomes a re-
sultant of the market place: where 
often price alone dictates its accept-
ancy and us.age. ]t is no accident that 
DDT has been by far the most widely 
used insecticide. That was the simple 
consequence of its broad effectiveness 
and its very low COSIt and apparent 
safety in comparison to' other prod-
ucts. 
Closer to the ideal would be a reg-
istration (marketing regulation) sys-
tem with more selectivity utilizing 
some mechanism fDr favoring those 
pesticides whioh are functionally and 
ecologically superior. Under the pend-
ing federal legislation this would be 
reached, in part, by a classification 
system for all pesticides which would 
place them intO' categories based on 
health hazard and environmental sta-
bility. Separate. rules would then 
apply to the marketing and permitted 
uses of each class. 
Another weakness of the present 
regulatory procedure lies in its awk-
ward provisions for removing a prod-
uct from the market if that becDmes 
necessary or advisable after registra-
tion approval is once gained. The 
EPA Administrator has the authority 
to cancel or to suspend any pesticide 
registration. These two te.rms refer to 
distinctly different procedures. Can-
cellation, which has been more fre-
quently used, begins with public nDt-
ification by the administratoT of his 
intent to' cancel a registration. The 
manufacturer then has 30 days in 
which to acquiesce or file a formal 
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protest. If he does not object, the reg-
istration is cancelled on the 30th day 
and marketing of the pesticide prod-
uct must cease. If, however, a pro-
test is filed , marketing may then con-
tinue while the matter is submitted to 
an independent scientific panel for a 
full review of the issues. The panel's 
recommendation is then utilized by 
the Administrator in either dropping 
or reinstating the cancellation pro-
cedure. At that point, the manufac-
turer may still request a public hear-
ing before a legal examiner in which 
all aspects of the issue are reexamined 
under adversary procedure. The spec-
ial significance of all this is that it 
gives unusual appeal rights to the 
manufacturer only. Moreover, the 
registration of the. product in question 
remains valid throughout the entire 
procedure, a sequence that may con-
sume more than 2 full years. Yet even 
after all this, the manufacturer may 
still protest through court appeal , an 
adverse ruling (however, the registra-
tion would not be maintained during 
that appeal procedure). 
Suspension of registration, the other 
mechanism provided the Adminis-
trator, may be invoked only in a case 
judged to constitute an immediate 
public health hazard. Upon suspen-
sion, which can also be appealed, the 
registration immediately ceases so that 
sales of the pesticide must also ce·ase. 
These procedures have been little 
used. Chemical manufacturers have 
responsibly avoided many cases by 
voluntarily dropping the registration 
prior to a cancellation. Many can-
cellations have taken place, however. 
The most notable occasion was the 
December 31 , 1967 cancellation of a 
very large number of registrations for 
pesticides that had formerly been ap-
proved on the basis of "no residue" 
remaining at harvest. Technical im-
provements in microchemical analysis 
procedures made such "no residue" 
claims untenable by that date. Pesti-
cide producers have rarely challenged 
a cancellation action . As a matter of 
fact, the first convening of a scientific 
panel under due process to review a 
challenged cancellation occurred in 
1970, 23 years after enactment of 
FIFRA. 
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Many have accused the USDA of 
excessive timidity or of being overly 
influenced by the chemical industry, 
in failing to bring more recall actions 
against those pooticides claimed to' be 
espxially detrimental to the environ-
ment. Without passing judgment on 
those charges, it is appropriate to 
mention that administrators of FIFRA 
consistently overlooked use of the one 
advantage provided to the public by 
that otherwise one,..sided piece of leg-
islation . FIFRA specifies a 5-year 
period of registration, after which a 
renewal must be procured. This re-
newal requirement could have pro-
vided for an orderly review and re-
tirement of outmoded or undesirable 
products. As administered, however, 
the renewal process has tended to be 
a routine matter simply requiring re-
application without additional justi-
fication and evidence of safety being 
requ 1red. Consequently, registrations 
of older pesticides were maintained 
and renewed while new products were 
required to meet incre::lsingly stricter 
requirements in order to obtain reg-
istration. 
Pesticide tolerances in foods are es-
tablished under the federal Food, 
Drug, and Cosmetic Act (as amended, 
1954) and constitute the second 
major means of regulation. Under 
that act a raw agricultural food com-
modity, such as milk, is condemned if 
it contains a pesticide residue in an 
amount exceeding a defined to~erance. 
Tolerance values are established 
after consideration of extensive toxi-
cology data. Required are short- and 
long-term toxicity data obtained with 
at least two animal species, extensive 
biochemical studies to establish the 
degree of absorption, distribution in 
the body, transformations of the pesti-
cide to other products in the body, 
elimination by the body, and evidence 
Df effects on enzymes. Reproduction 
studies wi th animals treated with the 
pesticide are also required as is any 
direct data obtained from observations 
of humans, such as might accrue from 
health records of chemical workers. 
Provided with such data and de-
tailed information on the use for the 
pesticide and the probable residues 
resulting from practical use, the Sec-
retary of Health, Education, and Wel-
fare may determine that a "negligible 
residue" tolerance is appropriate. The 
negligible residue tolerance is based 
on evidence that the levels of pesticide 
intake through food would be so slight 
as to be of little or no toxicological 
significance. If, however, the pesticide 
cannot be used in producing the crop 
without an appreciable residue (a 
residue in excess of negligible) than 
a finite tolerance may be established 
for a special crop (e.g. , 1 part per mil-
lion of parathion on asparagus) on 
the basis of estimating the quantity of 
that pesticide humans could ingest 
daily without toxic effects and the 
amount that crop would provide to a 
person making liberal use of the food 
in his diet. The tolerance value is set 
to provide a large margin of safety 
based on these estimations. 
It is important to note that toler-
ances for pesticides are not estab-
lished unless applied for and are then 
set only for specific crops. If raw ag-
ricultural commodities are discovered 
to bear pesticide residues for which 
there is no tolerance, or if the residue 
level exceeds the established tolerance 
value, the commodity is condemned 
for interstate marketing. 
The Food and Drug Administra-
tion, and aJso state agricultural and 
health officials, regularly pick up ag-
ricultural samples for pesticide anal-
ysis . Threat of seizure and condem-
nation of a crop for unlawful resi-
due.s constitutes the most powerful 
control over pesticide usage we pos-
sess. This fact certainly deters most 
growers from careless use of pesti-
cides. It causes the large canning and 
food processing corporations to sup-
ervise pesticide applications to crops 
contracted by them. It causes fruit 
and vegetable shippers to check their 
sources carefully lest an entire train-
load, as has occasionally happened 
with pDtatoes and other perishable 
commodities, is impounded for thor-
ough sampling after an inspector 
found high residues in a few spot 
samplings. It causes dairymen to care-
fully check the origin of hay and other 
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feeds they purchase since their milk 
may ultimately reveal the fact of high 
residues in the feeds. 
Controlling pe.sticide usage in this 
indirect manner, while generally effec-
tive in safeguarding our food supply, 
is really quite inadequate since it 
allows the possibility of the cotton 
farmer, the home gardener, the shade 
tree specialist, the exterminator, the 
mosquito abatement district, and 
many others to make relatively indis-
criminate use of any pesticide they can 
purchase. 
Beyond ,the registration process and 
enforcement of tolerances for pesti-
cides on agricultural commodities, we 
have no real means of regulating the 
use of pesticides. Our only recourse 
has been persuasion, persuasion in the 
form of recommendations to users on 
what pesticide to select, how often to 
apply it, and so--forth. (Regulation is 
not quite so weak as this when the 
user is a hired comm'ercial applicator 
since most states require them to be 
specially examined and licensed.) 
clearly shown inadequacies in our con-
trol system. Human nature tends to 
defy complete voluntary compliance 
with recommended procedures and 
the re.gulatory laws permit toOl much 
individualism by users. That the en-
vironment has taken some punishment 
as a result is unde'niable. Perhaps even 
more serious, however, is the casual-
ness with which the public entrusts 
highly toxic chemicals to be made 
easily available to any buyer in virtu-
ally any amount, and the indifference 
to any but the most immediate con-Our history of pe~ticide usage has 
Table 1. 
Act 
1910-The Insecticides Act, Act of Apr. 26, 
1910, oh. 191, 36 Stat. 335 repealed 
June 25, 1947, ch. 125, § 16, 61 5t. 
172. 
1947 -Insecticide, Fungicide, Rodenticide Act 
(FIFRA), 7 U.S.C. § 135 et. seq. as 
amended (1964). 
1959-Nematocide, Plant Regulator, DefoIiant, 
and Desiccant Amendm,ent to FIFRA, 
Act. of Aug. 7 1959, Pub. L. 86-139, 
§ 2, 73 Stat. 2861. 
1964-FIFRA amendment, Act of May 12, 
1964, Pub. L. 88-305, § 1, 78 Stat. 286. 
1954-Federal Food, Drug, and Cosmetic Act 
§ 346 (a), ch. 25, § 408, 68 Stat. 511 
(1954), as amended 21 U.S.C. § 346 
(a) (1964). 
1958-Federal Food, Drug, and Cosmetic Act 
§ 348, Pub. L. 85-929, § 4, 72 Stat. 
1785 (1958), as amended 21 U.S.C. § 
348 (1964). 
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Federal legislation on pesticides. 
Description 
Provided consumer protection against substandard or fraudu-
lent produots. 
The basic regulatory act in which pesticide registration is 
made a requirement for interstate marketing. Pesticide reg-
istration involves efficacy, absence of public health hazard 
and suoh label requirements as useage directions, ingredient 
statements and cautions on uses and hazards. 
Nematocides, plant regulating chemioals, defolial1Jts, dessi-
cants added to FIFRA coverage, materials for repelling birds, 
reptiles, predatory animals, certain fish, plant diseases and 
weeds put under USDA regulatory control. 
Eliminated the earlier provision that pesticides could be reg-
istered "under proteSit" wherein sale of an unregistered prod-
uct was permitted if a proteSit of USDA aotion was duly filed. 
Provides that a raw agricultural food commodit.y is to be 
condemned if it contains a residue of any pesticide chemical 
present in an amount exceeding a defined tokrance, unless 
it has been formally exempted on the basis of safety. Peti-
tioners must provide full data on toxicity and other aspects 
relating to health, residue data, and a workable analytical 
method for the residue. Requirements for data in support of 
a tolerance petition have constantly evolved in complexity as 
the science of toxicology has developed gre1ater insight int.o 
the nature of toxic effects. From these data, a tolerance level 
may be defined by the Secretary of Health, Education and 
Welfare. 
A food additives amendment regulating additives in processed 
foods, either as intentional additives or incidental additives. 
The "Delaney Clause" stipulat.e.s that no material capable of 
causing cancer is under any condition to be permitted in any 
food. 
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sequences that such policy instills in 
the user. 
Legislation now pending in Wash-
ington recognizes. the need foc better 
regulation of pesticide use, and we can 
quite confidently expect some marked 
changes in the. control procedures. 
The expeoted major new provision 
will place pesticides into general or 
restricted use categories with associ-
ated labelling and packaging require-
ments. With revised federal legisla-
tion now developing, the states will 
need to quickly refurbish their con-
trol r0gulations as well. 
Utah is fortunate in having avail-
able, under the provisions of the 1971 
Legisalture's Pes.ticide Control Act, a 
fairly flexible. regulating procedure. It 
empowers the Utah Pesticide Control 
Committee to authorize specific regu-
lations governing pesticide registration 
and usage. The Committee's regula-
tions can be local or statewide in 
scope, timed for optimum value to 
user and protection to the public, 
readily modified as special needs or 
problems materialize and, in short, 
constantly updated for maximal effec-
tiveness. This very flexibility, how-
ever, could also become a grave hand-
icap should the Board's regulations 
become too permissive on the one 
hand that the public interest and 
safety is jeopardized, or too restric-
tive and capricious on the other hand 
that necessary pesticide uses in agri-
culture and other vital areas are not 
possible. It is, therefore, most im-
portant that the public be continu-
ally involved in the. procedures of the 
Pesticide Contr0'1 C0'mmittee and in-
formed of its actions. Without such 
public participati0'n it is unlikely that 
Utah can s·eriously attempt to improve 
upon its presently minimal contr0'1 of 
pesticide. usage and assume its proper 
role in the nationwide regulation of 
these significant chemicals. 
• 
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Alternatives 
to chemical 
control of pests 
DO NAL D W . DAVIS AND T I NG H . H SIAO 
In discussing the alternatives to 
chemical control of pests, we are 
faced with the proble.m of semantics. 
Some people wish to abolish pesticides 
as a means of control, while others 
try to reduce the amount of pesticides 
used :Ind eliminate the major prob-
lems associated with their use. Most 
persow; associated with the problem 
of p~st control in agriculture and for-
estry do not visualize the elimination 
of chemical pesticides, but we see 
many ways of improving our present 
practices. 
BASiC APPROACHES 
BasicaJly, we have about nine ap-
proaches to the control of insect pests . 
The relative emphasis varies with the 
pest involved and with the circum-
stances under which the pest occurs. 
These approaches are: 
1. Chemical control. 
2. Biological control using para-
sites, predators and pathogens. 
3. Cultural practices, including 
land and water management. 
4. Mechanical and physical de-
vices to attract, repel or kill in-
sects. 
5. Sterilization and genetic mani-
pulation. 
6. Manipulating insect behavior 
through sex pheromones, at-
tractants and repellents. 
7. Breeding insect-resistant plant 
varieties. 
8. Manipulating ins e c t biology 
through hormones. 
9. Quarantines and other prac-
tices to prevent insect introduc-
tions. 
Of these nine approaches, number 
8 is largely theoretical, while all 
others are in actual use. ' We expect 
no major changes in these basic ap-
proaches~ but we do expect some 
major changes in the relative em-
phasis. For example, there will prob-
ably be a much more refined use of 
pesticides, with a great deal of em-
phasis on integrated control. 
Insect problems arise when dam-
age exceeds the acceptable market 
standards. We often call this an eco-
nomic injury level. This level varies 
with the type of crop or product. If 
the injury occurs to the portion to be 
eaten by people, then there is vir-
tually no damage allowed. Most 
fruits and veegtables fall into this cate-
gory. \-Vhere the health of the plant is 
involved, hut the edible portion not 
damaged, or if the product does not 
enter human food channels; then a 
certain amount of pest damage can be 
tolerated. One possibility for reducing 
pesticide use would be to increase the 
amount of pest injury allowed on mar-
keted produce. 
We. really have two concepts in pest 
control. \Ve either attempt to lower a 
general population level of a pest, or 
we use a drastic or direct approach 
in an attempt to eliminate the pests 
in a given area. 
Insc·ct populations always fluctuate 
both within and between seasons. The 
population management approach 
lowers the general level of this fluc-
tuating population and usually pre-
vents the occurrence of epidemics. 
Biological control, cultural practices, 
and plant resistances are examples of 
this approach. On crops with a liberal 
economic injury level, population 
management alone may give adequate 
control. It is not adequate 0'n most 
fruits and vege1tables. In biological 
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control, it is axiDmatic that survivors 
must be left. A predatory insect could 
not have eVDlved had it been 100 per-
cent effective in killing its hosts. 
CHEMICAL CONTROL 
In the direct chemical approach to 
insect control, there can be nearly 100 
percent effectiveness. Pesticides have 
been able to do this, and mDre recent-
ly control through sterilization has 
succeeded. In most fruits and vegeta-
bles, chemical control has been the 
only means available for high control 
levels. There is another factor which 
forces the excessive use of pesticides. 
We pride ourselves in the fact that 
only 17 percent of our incDme is 
spent for food compared to more than 
50 percent in most countries. Of this 
17 percent, only about half reaches 
the farmer. Farmers receive less re-
turn on their inve,stments and less in-
come per hour of work than any other 
major industry in the country. To sur-
vive, they must use every method 
available to increase efficiency. Pesti-
cides, of all types, account for about 
30 percent of the crop yields, and 
fertilizers fDr another 30 percent. 
Chemical control has its weaknesses, 
however. Pests demonstrate remark-
able immune responses in successive 
generations. This requires the con-
stant development of new pesticides 
with resultant added pollution possi-
bilities. In addition, many helpful in-
sects (predatDrs and pollinators) are 
killed al0'ng with the target popula-
tions. 
BIOLOGICAL CONTROL 
About 40 years ago, there was 
strong animosity between entDmolo'-
gists advocating chemical control, and 
those advocating biological control. It 
was an 'either-or' pr0'position. Unfor-
tunately, this same 'either-Dr' idea 
exists in the present ecology move-
ment. Some fail to realize that it is 
impossible, within the realm of our 
present knowledge, t0' Dbtain adequate 
pest control by biological means 
alone. Those that advocate it are 
being naive and show a lack of both 
biological and economic kn0'wledge. 
Many pests, particularly insects such 
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as grasshDppers, lack effective natural 
enemies. Bi0'logical c0'ntrol is also 
weak where extreme seasonal fluctua-
tions occur. Alfte.r a period of low in-
sect numbers, there is a definite delay 
befDre parasites and predators can 
achieve effective control. During this 
lag, there is often extreme damage. 
On the other hand, the many forces 
of nature, including parasites, preda-
tors, and climate" account for about 
99 percent destruction of potential 
insect numbers. Something must hap-
pen to 99 out of every 100 individuals 
to maintain an insect population at 
an average level. This value is im-
possible to estimate and we should do 
all in our power to' preserve it. 
Biological control is the manipula-
tion by man of the natural control 
factors. Some Df the ways in which 
this can be done are: 
1. Introduce new parasites and 
predators from Dther areas. 
2. AdjuStt cultural practices to en-
courage natural enemies. 
3. Collect or rear beneficial insects 
for mass distribu tion. 
4. Rear beneficial insects for re-
lease where they cannDt survive 
the winter. 
5. Modify the micro-climate to 00-
courage epidemics of insect 
pathDgens. 
6. Distribute disease pathogens 
which attack insect pests. 
The least developed phase 0'f bio-
logical control is the use of diseases 
of insects. Viruses, in particular are 
highly effective and give better con-
trol than other biological control 
methods. Two problems have prevent-
ed their use. The,re is no specific 
method to analyze for insect viruses, 
and there will probably be many ob-
jeotions frDm the public should it be-
come known that food is being treated 
with viruses. The reaction could pos-
sibly be greater than the present fear 
of pesticides. 
INTEGRATED CONTROL 
In sh0'rt, chemical control is fast 
and complete, but is only temporary 
and has many undesirable side effects. 
Biological control is relatively per-
manent, creates very few side effects, 
but is slow and incomplete. The 
strengths of one method are the weak-
nesses of the 0'ther. Integrated cDntrol 
attempts t0' use the strengths of both 
methods at the same time, while mini-
mizing the weaknesses. Biological con-
trol is established as, the prime or 
foundation approach, with the use of 
chemicals worked in without upsetting 
the beneficial parasites and predators. 
Initially, integrated control referred to 
the integration of chemical and bio-
logical control, hut later all aspects of 
control were c0'nsidered in the integra-
tion. Some people prefer the tetrm 
"pest management" for this total in-
tegratiDn. 
Traditionally, with chemical con-
trol, the idea has been to hit all pest 
populations as hard as possible with 
the most pDtent chemical available. 
This was repeated whenever a pest 
population started t0' build up. In the 
absence of natural enemies, the po-
tential build-up of pests was astro-
nomical. In cotton, 10 or more appli-
cations were made each season. Many 
previously minor pests, in the absence 
of natural enemies, became important. 
Once a pest control program was 
stal1ted, you were committed to' con-
tinue it for at least the entire. season. 
With integrated contrDI, the main 
concern is full utilization of all popu-
lation control methods. Pesticides 
must augment hiological and cultural 
controls. Careful attention must be 
given to all pes1ticide use, so that a 
minimum amount of damage is done 
to natural enemies. This is dDne 
through careful timing Df applications, 
spraying restricted portions of the 
crop, us,ing minimum rates, using 
short-lived pesticides, and selecting 
materials which tend to be specific 
against the pests. All of these methods 
are never available in any given situa-
tion. 
Integrated contrDl is, in essence, 
applied ecolDgy which attempts to 
meet the econDmic necess.ities of agri-
cultural production. As an ecol0'gical 
approach, it requires vast amounts of 
information on each agro-ecosystem. 
Unfortunately, the pest problems are 
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too variable from one part of the 
country to' another f0'r direct transfer 
of an integrated c0'ntrol program. 
During the seaS0'n there must be con-
stant sampling and su.pervision. Some 
workers believe that a system analysis 
approach is necessary. Here in Utah 
we now have a w0'rkable integrated 
control program being used by about 
25 percent of the apple growers. As 
with any practice there are both 
st rengths and weaknesses. 
Some strengths of integrated con-
trol are : 
1. There is much less total pesti-
cide use. 
2. The pesticides used are general-
ly short lived. 
3. It is ecologically oriented. 
4. Mi nor pests rarely develop into 
economic pests. 
5. It prevents the development of 
resistance to pesticides. 
6. It preserves predators, parasites 
and pollinators. 
Some weaknesses of integrated C0'n-
trol are: 
1. E xtensive biol0'gical informa-
tion is needed , but n0't always 
avail~ble. 
2. Trained personnel are needed 
for supervision. 
3. Some pest injury must be toler-
ated. 
4 . Pesticides must be timed and 
applied accurately. 
5. Other agr0'nDmic practice.s may 
interfere with the integrated 
program. 
6. Selective pesticides are not al-
ways available. 
STERIUZATION TECHNIQUES AND 
GENETIC MANIPULATION 
The manipUlation of the reproduc-
tive processes of pests for their own 
destruction , is a relatively new ap-
proach tD insect control and it holds 
considerable promise. Two methods 
are currently under extensive investi-
gation, one of which has been used 
successfully. These are sterilization 
techniques and genetic manipulati0'ns. 
T he sterilizatiDn method is based Dn 
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rearing mas,sive numbers of a pest 
species, sterilizing them with either 
radiation or chemoste,rilants, then re-
leasing them into a population to com-
pete fDr mates. An alternate method 
being developed, involves the use Df 
chemosterilants directly to field popu-
lations through the use of pDwerful 
attractants such as sex pheromones. 
The treated insects then disperse to 
mate WIth the nDn-sterilized individ-
uals. Genetic manipulation by means 
of hybrid sterility, cytDplasmic incom-
patibility, translocatiDn, and introduc-
tion of deleterious genes is still in the 
developmental stage, but it seems to 
have the pDtential Df reducing insect 
populations to' low levels. 
The advantages of the sterilizatiDn 
techniques, are their rapid results, with 
the potential f0'r eradication Df insect 
pests within a relatively few geneTa-
tions. The method is highly selective, 
involving only the target species, leav-
ing the rest o(the ecosystem relatively 
undisturbed. Immunity to' the steriliza-
tion method of insect control is un-
likely to develop. 
The sterile-male-release technique 
has been used successfully in the 
eradicati0'n Df the screwworm in 
southeastern United States in 1959-
60, and is being attempted in the 
southwestern states at present. This 
pest formerly cost livestock producers 
an estimated $120 million annUally. 
The tDtal eradication program is cost-
ing about $6 milli0'n per year. A simi-
lar method has been used with the 
Mediterranean, and other related, 
fruit flies with considerable success. 
Intensive research and field trials are 
now unde,rway with several majDr in-
sect pests, including: pink bollworm, 
boll weevil, codling moth, gypsy 
moth , mosquito, tsetse fly, and bark-
beetle. 
The steriliza.tion and genetic meth-
ods for insect control are attracting 
much interest among biologists, but 
before such methods can be developed 
for practical use, a th0'rough knDwl-
edge of the biDlogy, eC0'IDgy, and pop-
ulatiDn dynamics of each target insect 
must be available. In addition, an eco-
nDmical method of mass-rearing is 
necessary fDr those procedures oalling 
for laboratory sterilization and field 
releases. 
THE USE O'F ATTRACTANTS 
AND REPELLENTS 
One Df the newer developments in 
insect cDntrol is the use of chemica] 
stimuli that regulate insect behavior. 
These stimuli can be by sex phero-
mDnes, attractants , or repellents. Sex 
pheromones are chemical substances 
produced and released by one sex to 
attract Dr elicit some response, usually 
mating, from the opposite sex. Attrac-
tants cause a positive olfactory re-
sponse, and repellents cause a nega-
tive response. Repellents can be used 
as preventative measures, but not as 
direct control agents. 
Sex pherDmones and attractan ts are 
the most useful. One advantage Df sex 
pheromones is that they are highly 
specific and can be used in iI1lfinitesi-
mal amounts. The most potent attrac-
tants, other than sex pheromones, can 
elicit responses up to ~-4 mile, while 
some sex pheromones have been ef-
fective up tD several miles. 
Direct use Df pheromones or at-
tractants for insect control, through 
the moclification Df their behavior, is 
possible in at least two ways,. Both 
approaches require an extensive 
knDwledge 0'f insect behaviDr and 
physiolDgy. (1) They can be stimu-
lated to approach a trap or other 
method Df control. One method wide-
ly used at present, is to survey the 
presence or abundance Df a pes1t spe-
cies and to evaluate insect contrDI 
programs. (2) Their behavior can be 
inhibited or cDnfused. One. method is 
tD saturate the atmosphere with 
pheromones so that the insect orienta-
tiDn toward the opposite sex becDmes 
confused. Pheromones and attractants 
also can be combined with chemo-
sterilants, insecticides, or physical 
methods of control. 
Intensive research efforts are being 
devoted to the isolation, identifkation 
and synthesis of sex pheromones. 
Over 200 insect species, including 
several prDminent pest species such as 
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gypsy moth, pink bollworm, cabbage 
looper, and boll weevil, in all major 
orders possess them. More than 20 
of these pheromones have now be,en 
identified. 
Trimedlure, cue-lure and methyl 
eugenDI are synthetic attractants of 
the Mediterranean fruit fly, melon fly, 
and Oriental fruit fly, respectively. 
Methyl eugenol was used to eradicate 
the Oriental fmit fly from the Pacific 
island Df Rota. The attractant was 
mixed with the insecticide naled, and 
incorporated into small squares of 
fiberboard for distribution by aircraft. 
Trimedlure and cue-lure have been 
used in fruit fly survey work. 
~NSECT-RESISTANT PLANT VARIETIES 
Crop varieties which are naturally 
immune or substantially resistant to 
insect attack provide an effective 
method for insect control. The ad-
vantage of using insect-resistant varie-
ties is that they impolse few undesira-
ble effects on the environment. These 
varieties generally a're substituted for 
susceptible varieties of the same crop, 
and the effects are primarily against 
the particular pest for whioh the re-
sistance was developed. Insect-resist-
ant varieties are obtained by four gen-
eral methods. 
( 1) Introduction of foreign vari-
eties which already possess a higher 
than usual1evel of resistance to a giv-
en pest. 
(2) Exposure of plants of a given 
variety to pest infes'tations, followed 
by a selection of the surviving plants 
to be used for pTopagation. 
(3) Hybridization of resistant non-
economic strains with commercial 
non-resistant varieties, followed by 
the selection of desirable recombina-
tions. 
( 4) The induction of new mutation 
through exposure to' radiation on mu-
tagenic chemicals. 
The breeding of insect-resis.tant va-
rieties is a cos.tly and time consuming 
process. It requires continued coope'r-
at ion of plant breeders and entomolo-
gists, and it normally takes from 5 to 
15 years. to develop a commercially 
acceptable: resistant variety. A variety 
developed to resist one pest (complete 
immunity is very rare) does not usual-
ly carry resistance to other pests, 
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therefore, chemical control is actually 
not eliminated for that particular 
crop. The physiological requirements 
are not the same for all insects. These 
factors have contributed to the slow 
development of resistant agricultural 
crops. 
Many insect-resistant varieties Df 
crops are nDW being grown. Leafhop-
per and spotted-alfalfa-aphid resis.tant 
varieties of alfalfa, such as Vernal, 
LahDntan and Moapa have been de-
veloped. Corn varieties resistant to 
the European corn borer are grown 
in the Midwest. Wheat varieties resislt-
ant to' the Hessian fly and the stem 
sawfly are commonly planted in USA 
and Canada. It has been estimated 
that the combined cost to develop the 
above mentioned varieties was $9.3 
million. The annual saving has been 
about $308 mi1Iion. 
INSECT HORMONES 
The potential of using insect hor-
mones for pest cotnrol has been par-
tially revealed by studies of insect 
physiology during the past two dec-
ades. Several hormones are responsi-
ble for the control of growth and 
metamorphosis of insects. The brain 
hormone stimulates the prothoracic 
gland to secrete another hormone, 
ecdysO'ne. The action of ecdysone 
causes insects to molt. Another hor-
mone, the juvenile hormone, is secret-
ed by the endocrine gland-corpus 
allatum. When large amounts of ju-
venile hormone are present during 
molting, larval characters are pre-
served. In the absence of juvenile 
hormone, the insect molts: into the 
adult stage. Applying these hormones 
to developing insects interferes with 
metamorphosis, molting, e,mbryonic 
development and reproduction. They 
alsD are effective in minute doses, 
another distinct advantage. 
These compounds have now been 
synthesized and other substances. with 
hDrmone-like activities have been dis-
covered. Because of the differences 
between the control mechanisms of 
higher animals and insects, it is as-
sumed that thes.e insect hormones 
wDuld have no adverse effects. on 
higher animals. However, most of the 
hormones and mimicking compO'und~. 
are not species specific. They affect 
all insects regardless of whether they 
are beneficial or destructive. More re-
search is needed to develop the poten-
tial of insect hormones for insect con-
trol. 
CONCLUSIONS 
During April of 1970, a conference 
on pest management was held at Ra-
leigh, North Carolina. Three basic 
cnc1usions were drawn from these 
meetings. 
1. The pest management approach 
is both biologically and eco-
nomically sound in agriculture 
and forestry. 
2. For pes.t management to be ef-
fective, vast amounts of biologi-
cal data are needed and the 
program must! be supervised by 
trained personne.I. This will re-
quire much more money than 
is available now. 
3. The chances of getting the addi-
tional money in the near future 
are virtually nil. 
We wish to make it very clear that, 
alternatives to the traditional methods 
of pes.t control are expensive to de-
velop. All sorts of ecology oriented 
groups have criticized the present 
methods of pest control, but none 
have offered the necessary money to 
develop alternative approaches. The 
entire outlay related to controls and 
basic studies of economic insects af-
fecting both agriculture and forestry 
by both the USDA and Agricultural 
Experiment Stations, amounted to 
about $50 million in 1970. The di-
rect costs of the recent Apollo moon 
shot were about $500 minion, or 
enough to support the present insect 
studies for In years. We as a nation, 
should give some very serious 
thoughts to priorities and decide how 
seriously we want to reduce pesticide 
use. 
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PESTICIDE USE OR NON-USE _ - -
Econoftlics as a basis 
for policy decisions 
No one can deny that there have 
been widespread social gains from the 
introduction and use of pesticides. 
The obvious and direct benefits to 
the health and welfare of human, ani-
mal and plant life through anti-
malarial campaigns, disease controls 
or through improved food quantity 
I are well known. Private economic 
benefits to farmers and householders 
also have been great. Otherwise, 
adoption of new pesticides and herbi-
cides on a worldwide basis would 
never have occurred. At the same 
time, there is now a general recogni-
tion that widespread pesticide use en-
tails a c1e·ar risk of harmful side ef-
fects to plants, animals, soil, water, 
and humans. 
Any discussion of the "pesticide 
problem" must be in terms of the 
"trade-offs" between benefits and 
risks-society cannot have one with-
out the other. It is probable that 
through research, educational pro-
grams, and the like, various modifica-
tions can be introduced in the tech-
nological links be,tween benefits and 
risks, so that certain trade-offs may 
be made more acceptable. And some 
progress in reducing the risk/benefit 
ratio is the obvious need , for this is 
what the fuss is all about-some seg-
ments of society are saying that cer-
tain benefits do not justify the risks 
or social costs. 
ECONOMIC PERSPECTIVE 
Given our current knowledge about 
the technical relationship between 
pesticide benefits and co SitS , we can 
differentiate three general patterns of 
trade-off acceptability: (1) in many 
underdeveloped nations, there is a 
general public effort to introduce 
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pesticides into farming technology to 
capture prcduction benefits; (2) most 
types of public health or nuisance 
campaign ~e.em to be favorably sup-
ported, since both public benefits and 
costs are widely diffused; (3) appli-
cation of massive doses of pesticides, 
based on private responses to condi-
tions in the marketplace of weIl-to~do 
countries, is be,coming less and less 
acceptable. What follows is directed 
to the third situation. 
The United St.ates is a big country~ 
with a large population, a high stand-
ard of living and a lot of agriculture. 
Pesticides and herbicides are rela-
tively cheap as compared to other 
input factors, and farmers and home-
owners place heavy reliance on them. 
This increases the probability of ob-
serving spillovers or special social 
costs due to pesticide use. Some 
groups in our society view these ex-
ternal effects as negative on balance 
and costly. At the same time, it is 
observed that farmers and household-
ers do not always bear these addi-
tional costs. Farmers especially are 
in a position to avoid bearing all the 
social costs of their pesticide deci-
sions. This is the reason why heavy 
pesticide use in the United States' 
private sector has been tagged as one 
aspect of the " pollution problem." 
Economists view the occurrence of 
pollution as a manifestation of market 
breakdown. For example, individuals 
are only able to make. air and water-
ways dumping grounds because others 
do not own them or because otheifs 
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cannot enforce what property rights 
they do have. This free use of some-
times unowned re·sources imposes 
costs or external effects on third 
parties. It may be true that such free 
use IS less deliberate or is indirect in 
the case of pesticide.s. Nevertheless, 
the end result is the same: third par-
ties are harmed and the costs of such 
harm are not borne by individual 
instigators. 
This suggests why econom~sts look 
so much toward markets. In general, 
we can assume that the market price 
of an item bears some close relation 
to the opportunities foregone by so-
ciety resulting from failure to use the 
resources embodied in the product to 
cre·ate something else. Thus the re-
sou r c e allocations automatically 
achieved through market forces are 
taken, in the first instance. to be bene-
fioial to all of society and to indicate 
socially desirable levels of factor 
usage in various processe·s. 
But automatic market forces do 
not take into account spi1l-over3, 
third-party effects, diseconomies or 
whatever it is we choose to call ex-
ternal technological effects. Indeed, 
normal marke{ forces will lead pri-
vate parties to devote or allocate too 
many resources to activities creating 
negative external effects. This is be-
cause the firms or individuals causing 
pollution absorb only that portion of 
the total social cost as indicated by 
the marketplace. Suppose a given 
farmer had to include, in the price of 
the pesticide, an additional increment 
equal to the costs of subsequent nega-
tive external effects? Less pe,sticide 
would be used and output would fall. 
In figure 1, the. additional value of 
killing crop pes.ts (V) is plotted 
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Marginal benefits and External Costs 
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Figure 1. Effect of external benefits and costs in shifting socially desirable 
levels of pesticide usage. 
against the additio.nal costs (C) of 
increased pesticide input. Market 
forces will cause level OX to. be em-
ployed. If pesticide exte'rn'al effeots 
costs are added (C+ E) and paid for 
by the agricultural sector, only OX' 
pesticide will be used. If there are 
some spillover social benefits that 
should be added (V + B) the "best" 
output will be OX" level of pesticide 
use, but this level will not be achieved 
urness these added benefits can some-
ho.w be captured by the, farmer. 
These notions are straight-forward. 
What are some of their implications? : 
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1. We may not be: co.mpletdy cer-
tain about the shapes or loca-
tions Df the solid function 
(V&C). 
2. We have little knowledge about 
social benefits from pesticides 
(B). 
3. The magnitude of negative ex-
ternal effects (E) is unknown. 
4. The me1uhods of valuing B&E 
are weak. 
5. 'J1he substitution rates of pesti-
oides for other agricultural in-
puts are unknown or partially 
unknown. 
DATA REQUIREMENTS AND SOME 
INTERPRET ATIONS 
Behind V &C lie other relationships, 
specifically the demland for agricul-
tural products and production func-
tions relating farm outputs to inputs. 
To the degree these latter relation-
ships are knDwn, we may imagine the 
possibilities of estimating that part of 
sociaJ benefits and costs Df pesticide 
policies that wDuld be reflected in the 
market pJace. 
The key requirement is some 
knowledge of supply-demand rebtio.n-
ships for .agricultural commodities. 
There is a danger in s~mply measur-
ing crop increases or decreases due to 
pesticides and valuing the increments 
by money prices. One possibility is 
that the wrong prices will he em-
ployed. An individual farmer might 
be l1ight in using market prices, but 
if pesticides raise every farmer's out-
put prices will fall. Farm revenues in 
total will be ,affeoted not o.nly through 
greater sales, but there also will be 
lower receipts per unit. Total farmer 
revenues may actually fall. Many food 
consumption studies have shown that 
a 1 percent increase in crops mar-
keted will lead to more than 1 per-
cent decrease in price. 
Current market prices may invite 
misleading valuations of pesticide ag-
ricultural or household benefits: if they 
do not allow for government interven-
tion or price supports and their dis-
torting effects. on markets. Two. exam-
ples will make this cle1ar. Figures 2 
and 3 show known national demand 
and supp~y functions fo.r some. crop. 
They are' labeled D-E and A-S respec-
tively. Introduction o.f pesticides is a 
technological advance that induces 
farmers to suppJy more of the crop at 
all prices, thereby shifting the market 
supply to' the right, B-T. 
In the first s.ituation (figure 2) 
there is a system of direct price sup-
ports combined with no acreage re~ 
strictiO'ns . Before introduction of pes-
ticide., or the government pro.gram, 
market forces wDuld lead to price, 
O-P and output, O-Q. If the support 
price is O-C, the public will only buy 
0-W, even flhough amount O-R is 
produced. The difference, W -R, goes 
into stDrage. The social costs of the 
resouroes used (as measured by the 
market) are OAIR, while the social 
value of the benefits are ODMW. But 
when the pes1ticides are introduced 
output increases to O-X, at an over-
all social cost of OBGX. The bene-
fits are unchanged. 
This ShDWS why there is often a 
need for acreage controls combined 
wi~h direct price suppDrt. Suppose 
each control holds o.utput at the. de-
manded (O-W) level at social cost, 
OAZW, and a net benefit, ADMZ. 
Then introduction of pesticides. would 
not only reduce costs to OBJW, but 
net benefits would increase to BDMJ 
( original I y AD MZ) . 
In the secO'nd situation (figure 3) 
there are no price supports but effec-
tive per unit returns to the farmer are 
held at level O-C by a system of 
transfer payments or income subsidies 
so that consumer prices are free to 
seek their own .levels,. If farmers sup-
ply O-R quan'tity, free market prices 
will only clear the quantity at level 
O-H. Gross benefits will now be 
greater, ODNR, while costs will be 
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Figure 2. Evaluation of introducing pesticides in production of a price sup-
ported (by government purchase) crop. 
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Figure 3. Evaluation of introducing pesticides in production of a crop linked 
to income transfer payments. 
OAIR (unchanged from direct sup-
port plan). With the introduction of 
pesticides, and no acreage controls, 
output will jump .to OX, but nhe mar-
}{;et clearing price will. fall to DB. 
Thus social gros1s benefits will in-
crease to ODKX, which represents 
considefiable improvement over the 
first situation. 
It is clear that the gross benefits 
and COSltS OIr alterations in their mag-
nitude, due ItOl introduction OIf pesti-
cides, are contrDlled not only by the 
shapes and locations of the market 
supply and demland fUD'otions", but by 
the me:thod employed in supporting 
or raising rural incomes. Thus numer-
ous other "outcomes" could be postu-
lated. In addition it is relatively sim-
ple tOl make some oonjeotures about 
the ~hares of gro.ss benefits that will 
accrue to CDnsumers, entrepreneurs 
and input faotors. There is also some, 
hope of obtaining estimates OIf the 
functions in que·stiDn. Thus, in are:as 
where mDnetary values serve as rei-
source allocators, we dO' have sO'me 
framework fDr analyzing social wel-
fare effects. 
NDn-market OIbjectives are nOlt sO' 
readily conceptualized OIr handled. 
Measurement problems are much 
greater when we consider evaluating 
the effects of pesticides on human 
health OIr fish and wildlife. We may 
well wonder if ,therel is any method of 
bringing non-market objectives, such 
as better health, mto the calculations. 
There is wide disagreement over gen-
eral viewpoints: 
1. Use ingenuity and persistance 
to find som,e common denomi-
nator that will fit into the 
"market objectives"; 
2. Simply provide decision makers 
with appended discussions in 
qualitative or quantitative and 
let them make the decisions or 
do the baiancing; 
3. Value according to. the loss or 
sacrifice in market objectives 
required to raise or achieve 
non-market ones; 
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4. Values for non-market objec-
tives are implied in past deci-
sions since we can compare 
what would have happened 
without the imposed decisions 
of policy makers. 
It is not our purpose to select the 
right criterion but it may be noted 
that various attempts to place values 
on reduction and mortality have been 
made. The most widely employed 
method values human life in terms of 
the productive value of present and 
future labor potential. 
Even if we accept such a sche,me 
we must still await the results of de-
veloping functional relationships be-
tween pesticide usage and pesticide 
intake by humans and the associated 
levels of mortality and morbidity. 
Pretty much the same conclusion 
holds for fish and wildlife, especially 
where toxic effects are involved. The 
special problem in this case revolves 
around the difficulty in obtaining an 
index of aggregate valuation of all the 
species conceivably involved. Some 
species benefit at the same time 
others are harmed. 
Supposing somehow that, in terms 
of figure 1, E+ B could be measured, 
even if the functions V + Band C+ E 
could not be specified. Then some 
"guidelines" could be employed such 
as: 
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1. Suppose E O. If the same 
level of positive benefits can be 
obtained by other pest controJs 
having lower E, use of the latter 
can be encouraged by adminis-
tratively raising pesticide prices. 
2. If (B+V) C+E), (no substi-
tution and controls possible) 
can be imposed except in se-
lected cases. 
3. If new controls. or chemicals 
can be developed at a capital-
ized research cost E, such re-
search could be encouraged. 
4. If it is high due to ignO'rance 
of alternatives O'r ignO'rance 
about proper use of chemicals, 
policy can be, directed to educa-
tional and regulatory programs. 
Naturally one assumes that ad-
ministrative actions encouraging arti-
ficial, high pesticide prices or use pro-
hibition would not be undertaken in 
the absence of exploration of alterna-
tives. The main alte'rna:tive,s are to 
prevent introduction and spread of 
pests; good cultural practices and 
sanitation; use of natural enemies of 
pests; resistant plant varieties; pre-
emptive sterile insec-ts; and changed 
controls on allowable ways to' use 
pesticides. Most of these options have 
their own sets of difficulties or 
hurdles. 
CONCLUmNG OBSERVATIONS 
There is no way to escape the need 
to resort to valuation in the process 
of setting pesticide policy. Some per-
sons would prefer not to have to as-
sign values to' illness, a human life, a 
bird, a fish, etc., partly, it appears, 
because they feel that any direct 
method does not exist. Certain plaus-
ible "back door apprO'aches" are pos-
sible: for example the cost of elimi-
nating an adverse effect by develop-
ing an alternative or the estimated 
sacrifice in positive measurable bene-
fits by decreasing the level of use. 
Besides valuation, some account 
must be taken of probabilities of an 
unwanted occunence such as a large-
scale increase in cancer due to inges-
tion of chlorinated hydrocarbons. Po-
tential pesticide effects need to be 
weighed with such probabilities. This 
suggests one line O'f needed ecological 
research. Obviously there are numer-
ous other researchable rdationships 
that should be investigated. 
Policy dominated by special inter-
est groups may be dangerous. An 
elimination of all spill-overs may not 
be the most economic policy in terms 
of resourcs O'r national values. Pesti-
cides have been built into agricultural 
technology and it will not be easy to 
change policy without reversing recent 
advances in farming methods. 
Tremendous uncertainty springs 
from the use of pes,ticide chemicals by 
millions of individuals, from contact 
with these chemicals and their resi-
dues by oilier millions of organisms, 
and from the multitude of purposes 
to which the chemicals, are put. 
There is no hope O'f observing the 
levels of use and the positive or nega-
tive effects for e1aoh organism or set 
of organisms affected. It is unlikely, 
therefore, that any pO'licy can be for-
mulated which will deal with these 
chemicals on the basis of making 
some of society better off while none 
are made worse off. Most likely poli-
cies will benefit some at. the cost of 
others and all losers will be hard to 
identify and compensate. 
Research activities are needed that 
will tend to simplify the complexities 
of the real world and bring some order 
out of chaos. Le/t us work on the most 
serious aspects first as determined by 
all related disciplines acting in con-
cert. First locate the sources of con-
tamination by pes,ticides where payoff 
from control is greatest. AlsO' identify 
marginal payoffs. 
Second, match whatever evidence 
is available concerning adverse effects 
with the sources of contamination and 
give research priority to control and 
reduction of adverse effects in areas 
where large benefits frO'm pesticides 
seem to be related to large external 
effects as measured by whatever 
criteria are available . For areas where 
rather small beneHts from pesticide 
use appear to be ass'ociated with siza-
ble spill-overs, assign a lower priority, 
etc. 
Pesticide/Herbicide Type 
Benefits 
External Cost's 
Low 
High 
low 
4 
2 
High 
3 
1 
Do this for all sources of contami-
nation. 'J1his matrix of rankings sets 
the stage for second round research of 
interdisciplinary character. Since the 
costs of ecological system g,tudies is 
high, preliminary research priorities 
are necessary. 
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Pesticides and non-target insects 
G. E. BOHART 
Broad spectrum insecticides, which 
may leave a field nearly devoid of in-
sect life are usually easier to sell the 
farmer than are more selective mate-
rials. For example, in blossoming al-
falfa seed fields, the farmer is usually 
pleased to note that following the ap-
plication of certain broad spectrum 
insecticides slIch as dieldrin or para-
thion, his veritable zoo O'f insects has 
disappeared. What he usually does not 
know is that most of the species 
present in his field before the applica-
tions were beneficial as biological 
control agents, and that their destruc-
tion is likely to result in a resu rgence 
of the pest species. Although addi-
tional applications may take care of 
the problem of pest build-up, he 
should strive for fewer rather than 
more applications to protect his 
plants. 
Selective materials, if properly 
chosen, reduce the population of tar-
get insects to sub-economic levels 
without causing excessive damage to 
beneficial species. If the application 
leaves a small population of the pest 
species, the result may be bettor than 
if they were not completely destroyed, 
especially if biological control agents 
are known to be present. In this case, 
the agents are not only preserved, but 
can maintain themselves on the re-
maining host insects and thus prevent 
a destructive second infestation. Un-
fortunately, on many crops, the exist-
ing emphasis on complete freedom 
from insect parts and insect-caused 
, blemishes is incompatable with pres-
ervation of biological control agents. 
Non-target insects destroyed by the 
broad spectrum insecticides usually 
include insect pollinators as well as 
biological control agents'. Destruction 
of pollinators, even on a crop that 
does not require insect pollination, 
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may reduce the yield potential of 
neighboring crops that do. In addi-
tion, if the pollinators are honey bees, 
the livelihood of the beekeeper is 
threatened. 
Pollinators are also seriously af-
fected by herbicides applied for the 
control of weeds. There can be little 
argument against the control of weeds 
in cultivated fields or of certain 
"noxious" perennials wherever found. 
However, the advantages , if any, of 
indiscriminate roadside spraying to 
suppress or eliminate broad-leaved 
plants should be weighed against the 
aesthetic values involved as well as the 
pollinators (including honey bees) 
which often depend to a large extent 
on roadside flowers. In many areas, 
particularly in our western valleys; 
bloom is heavily concentrated along 
roadsides as a result of rainfall run-
off. Most of the plants involved are 
not "noxious" and their presence or 
absence along roads and in "waste" 
places has little if any effect on infes-
tations by the same species in culti-
vated fields. 
In recent years investigators have 
placed increasing emphasis on the 
"integrated control concept." Another 
expression embodying essentially the 
same concept is "pest management." 
Both expressions refer to control of 
pest populations by means that cause 
as little damage as possible to' natural 
control processes and to the general 
environment. In accordance with this 
concept, all essential features of the 
ecology of a crop and its associated 
organisms in an area are studied to 
determine the effects of attempts to 
reduce the populations of pest species. 
In the integrated control concept, 
the greatest possible advantage is 
taken of biological control agents 
(parasites and predators) and of cul-
tural manipulations that hold down 
pest species (for example, timing of 
cuttings and irrigations and the use of 
trap crops and rotations). Insecticides 
are used only when a primary pest 
species threatens to reach damaging 
populations in spite of other measures. 
When possible, selective materials are 
chosen, and these are applied at times 
least harmful to beneficial species. 
Rational pest management usually 
requires more knowledge of insect 
species and crop ecology than the 
average farmer possesses and more 
time to monitor populations than he 
can devote. The use of pest manage-
ment specialists answerable to both 
the farmers and state or federal en-
tomologists is usually necessary. Their 
services are usually paid for by or-
ganizations of farmers, grouped along 
regional or commodity lines. In time 
it may become necessary for such 
services to be paid for from public 
funds and for a tightening of regula-
tions to ensure proper functioning of 
the programs. 
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PESTICIDES AND POPULATIONS 
As an ecologist and evolutionary 
biologist, I probably tend to view en-
vironmental problems over a longer 
time span than others. The use of 
pesticides is such a case. Many are 
concerned only with the immediate 
effects of pesticide application. How-
ever, if we are really interested in 
maintaining a quality environment 
through time, we· should be critically 
examining the long-term effects of 
pesticides on the survival of plant and 
animal species and upon the world 
ecosystems. 
Some organisms are capable of 
adapting to changes in their environ-
ment, particularly if the change is a 
gradual one. Such organisms as mos-
quitoes, houseflies and scale insects 
have shown an amazing ability tQi de-
velop a genetic immunity to many 
pesticides. 
A major problem as I view it is that 
we are literally dumping 400 to 500 
new chemical compounds (some of 
which are pesticides) into the environ-
ment eaoh year. These are compounds 
which have been synthesized in the 
laboratory and to which life has never 
previously been exposed. Most of 
these chemicals have been released 
into our atmosphere, water and soil 
within the last 25 years. We are there-
fore asking organis1ffis, including man, 
to evolutionarily adapt to a very sud-
den environmental change. 
Organisms with the appropriate 
genetic equipment, high mutation 
rates and short generation times can 
more readily adapt to such sudden 
changes. We therefore frequently end 
up developing super pests from the 
very species which we are attempting 
to control. 
But if we must control pests, how 
can we accomplish this task with a 
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minimum of environmental disturb-
ance? Most eoologists feel that we 
must employ an "integrated control" 
program of pest management. Inte-
grated control has as its goal the 
maintenance of potential pest popu-
lations below the level at which they 
cause serious health hazards or eco-
nomic damage. It does not attempt to 
exterminate pests-a goal which inci-
dently has never been accomplished 
by chemical cQintrol programs. 
In integrated control a crop may be 
protected hy practices such as plant-
ing it in mixed stands with other 
crops, destroying pest reservoirs ad-
jacent to the fields, introducing and 
encouraging predators and parasites, 
breeding more resistant crop strains, 
and using nonpersistent pesticides. In-
sect development may be disrupted by 
the use of hormonal pesticides. These 
and other practices may be combined 
to achieve both a high level of desir-
able control and a minimum of dam-
age to the world ecosystems. 
Integrated control tern~rarily 'may 
be more expensive than traditional 
chemical control programs. Because 
of our exploding world human popu-
lation, we unfortunately may be una-
ble to afford even the low level losses 
of crops inherent in integrated. pest 
control programs. The world's human 
population now numbers 3.6 billion 
and is expected to double in 35 years. 
Two-thirds of the world's present in-
habitants are either undernourished or 
malnourished. What will be their nu-
tritional state with twice as many peo-
ple to feed around the world? Wide-
spread famines are sure to result in 
the near future if an immediate re-
duction in births to approximately two 
children per family does not occur. 
Because of this ever-increasing hu-
man popUlation, we are forced into 
taking ecological risks unnecessary in 
a smaller population. We employ 
chemical oontrol programs which may 
result in ecological disaster in the fu-
ture because they have an immediate 
short-term benefit. We must quickly 
switch to an ecologically sound inte-
grated control program of pest man-
agement and this will be possible only 
with a stable human population. 
WILDLIFE NOTES 
The life span of the sperm whale 
is estimated at 75 years. The fe-
male does not reproduce until the 
9th or 10th year, and she usually 
produces only one calf every four 
years. 
• 
Field observers report that the 
black vulture, turkey vulture and 
California condor are being crowd-
ed out by civilization, with the 
latter bordering on extinction. 
• 
Sldpjack tuna forage from 30 to 
60 miles out to sea in a single night, 
returning at dawn to their coastal 
site of departure. 
Polar bears are known to travel 
from 30 tQi 50 miles a day on an 
ice pack which may also be mov-
ing at approximately the same rate. 
• 
The brown creeper is a sparrow-
like bird which scurries up the 
trunk of a tree more like a mouse 
than a bird. 
• 
Wild turkeys usually have only 
one brood a season, but it can 
number up to 25 poults . 
• 
The sabre-toothed Pyara, a 
Sou th American exotic game fish 
weighs up to 60 pounds. 
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A DEVICE 
FOR OPENING 
DEER JAWS 
GARY L. HICKMAN 
and 
JESSOP B. LOW 
The need for age determination as 
an aid in the management of big game 
populations has long been recognized 
(McLean, 1936). 
Age classes for deer and 0'ther un-
gulates are most commonly deter-
mined from dentition characteristics. 
Difficulty, however, is sometimes en-
countered in opening fr0'zen j3JWS or 
jaws from animals in rigor mortis. 
A simple jaw opening device was 
made for opening deer jaws t0' ade-
quately expose the teeth and arid in 
determining the animal's age. This 
tool was used in a management study 
on a herd of Rocky Mountain Mille 
Deer (Odocoileus h. hemionus). This 
device increased the efficiency of age 
taking deer which were brought to the 
checking station near C0'alville, Utah, 
during 1964 and 1965. It may be 
equally as effective in examining the 
teeth of other big game animals. 
The device is. constructed from a 
22-inch length of 1/2-inch stool rod 
bent to the specifications illustrated in 
figure 'l. The flattened end 0'f the 
jaw opening tool is inserted into the 
I dias.tema of the deer and rotated to 
force the jaw open (figure 2) . 
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The flattened end of the jaw open-
ing tool can be driven into the mouth 
with a hammer when the heads are 
frozen. 
Some of the most obvious advan-
tages of this jaw opener are: (1) an 
experienced biologist can look through 
the center of the spreader and age the 
deer without slitting the cheek, and 
(2) it is s.mall, light and usually can 
be operated with one hand. 
Figure 1. Close-up photo showing the dimensions of a jaw opening device 
for deer and other big game animals. 
Figure 2. The device in use is inserted into the mouth of a dead mule deer 
and rotated to force open the jaws for examination. 
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DEER TRAP MODIFIED 
GARY L. HICKMAN and JESSOP B. LOW 
A total of 232 Rocky Mountain 
Mule Deer (Odocoileus h. hemionus) 
were trapped with modified Clover 
single-gate deer traps during the years 
1964 to 1965 on the Coalville Deer 
Herd Unit 19 in northeastern Utah. 
Several modifications of the trap de-
scribed earlier by Clover (1956) , 
Figure 1. Clover deer trap modifications: one-haH-inch diameter metal 
loops; (2) anchor ropes; (3) nylon trigger string; and 5-inch-high opening to 
permit entrance or exit of rabbits. 
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were found advantageous in terms of 
trapping success and operational effic-
iency. Problems encountered in Utah 
with the originally described deer trap 
were: (1) ice and snow froze on the 
rat-trap-1riggering device rendered it 
inoperable, and (2) rabbits chewed 
both entrance and exit holes through 
the net to eat the alfalfa bait. 
Modifications included: (1) com-
pletely eliminating the rat-trap-trig-
gering device and substituting a nylon 
"kick" string trigger. By placing the 
alfalfa bait at the far end of $e trap, 
the deer tripped the sliding gate while 
attempting to reach the bait. (2) A 
bar was added 5 inches above the 
trap base and the side netting tied to 
it. This created entrance and exit op-
enings for rabbits on both sides, and 
deterred them from chewing holes in 
the net (figure 1). 
Other modifications included: (1) 
the wood block deadmen and wire top 
braces were replaced with eight-foot 
ropes tied from each comer to a latt-
eral center stake; and (2) deer, when 
caught inside the ,trap, were "bull-
dogged" by the operator, or the trap 
was collapsed on them for handling. 
This eliminated the use of catch net. 
Both antlers of bucks were securely 
tied to the trap frame before the op-
erator entered the trap . 
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READ THE LABEL ON EACH 
PESTICIDE CONTAINER BEFORE 
EACH USE. Follow instruct ions; 
heed all caut ions and warn ings . 
Why read the label each t ime? 
Because the chemical nature of 
pesticides and the ir uses vary 
great ly . You shou ld refresh your 
'l1 ind each t ime on the mater ia l's 
spec if ic uses . 
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